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A Prosperous New Year ! 

With this number we commence a 
new volume, a new year and a new 
century. In our four preceding 
volumes, we have dealt largely with 


the growth and development of trade: 


and engineering during the past century, 
and we, therefore, do not propose to 
attempt here even a short review of the 
combined advances made under either 
of those headings. Suffice it to say 
that in both trade and engineering the 
new century sees Great Britain. still 
leading the nations of the world, and 
though the daily press, from the highest 
organs to the lowest sensational sheets, 
aver that we are falling behind in the 
race of progress, we maintain that we 
are not only not falling behind, but are 
steadily advancing. British manu- 
factories have never been so full of 
such well-paid-for work as they are at 
the present moment, and we believe 
that when orders become scarcer, and 
competition keener, British enterprise 
and determination will still hold for 
Great Britain the foremost place 
amongst the nations. It is, therefore, 
with every confidence in the future that 
we wish our readers prosperity through- 
out the new year of the new century. 


. 
Professor John Perry, F.R.S. 
instructor in the science of 
engineering Professor Perry occupies a 
position of great eminence. Few men 


Personal : 
As an 


have had so far-reaching an influence 
upon rising generations of engineers. 
His originality and energy must have 
infused new life and enthusiasm into 
many who have come under his power 
in the course of their theoretical training 
for the calling of engineering. Born in 
Ireland fifty years ago, he seems from 
the first to have devoted himself to 
science and engineering. Before he had 
reached his majority, he was a B.E. of 
Ireland, and had obtained Whitworth 
and various other awards. The aptitude 
which obtained for him a mathematical 
scholarship has been always very fully 
developed, and no man has done more 
for present day engineers in simplifying 
the application of the mathematical 
calculus. His views regarding the in- 
adequacy of the theoretical knowledge 
and the ability to use mathematics on 
the part of English electrical engineers 
have been set forth by him quite recently, 
in unmistakable terms, in the capacity 
of president of the Institution of Electrical 
Engineers. His numerous writings and 
lectures on mathematical and physical 
science need not be referred to here in 
detailves “Practical Mechanics’” and 
‘Spinning Tops” are well known. He 
has always looked more or less ahead, 
for about twenty years ago he was 
jlecturing before the Society of Arts on 
the future development of electrical 
appliances; and in 1goo he has en- 
deavoured to lead electrical engineers 
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to study the signs of the engineering 
times, so that they may be fully pre- 
pared for what the future has in store. 
The system of mechanical engineering 
examinations, adopted by the City and 
Guilds Institute, 1s due to Prof: Perry: 
He can claim not only to have exercised 
an influence over English engineering 
training, for he has been as far afield as 
Japan, where, twenty-five years ago, he 
occupied the post of joint-professor of 
engineering in the Imperial College of 
Engineering. For a number of years 
Prof. Perry laboured in partnership 
with. Prof. W. E. Ayrton, and many 
valuable inventions of practical electrical 
apparatus were produced by their joint 
efforts. One of these, relating to electric 
surface contact tramways, is of particular 
interest at the moment, as being a very 
early and ingenious attempt to solve a 
very important problem. Like most 
electrical engineers who have any par- 
ticular views as to the future of electricity 
supply, he attaches enormous import- 
ance to the provision of electrical energy 
at large generating stations in the neigh- 
bourhood of the colliery for distribution 
over large areas at economical rates. 
He recently advocated the adoption of 
such measures before Parliamentary 
Committees. Prof. Perry is just now 
giving great attention to the protection 
of magnetic observatories from electric 
His views 
are not coincided in by electric tram- 
way engineers, who naturally attach far 
greater importance to efficient transport 
facilities than to the maintenance of 
accurate magnetic records. In his Elec- 
trical Engineers’ Presidential Address he 
endeavoured to explain that the course 
he was pursuing was not opposed to the 
best interests of electrical engineering. 


tramway return currents. 


Schemes before Parliament. 
The latest date for filing applications 
for Parliamentary powers for the first 


session of the new Parliament was 
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December ist, and a study of these 
schemes shows what an enormous 
amount of work is at hand for the elec- 
trical engineer. If even a mere fourth 
of the electrical applications for lighting, 
tramway, and railway undertakings are 
sanctioned and carried into practical 
effect, the capital expenditure represents 
many millions of pounds. The electric 
lighting projects, for the most part, affect 
the smaller towns and districts, chiefly 
in the provinces. This is but natural, 
seeing that all large towns and cities 
now have electricity works in operation. 
There are numerous applications from 
companies and municipal bodies desirous 
of installing trolley lines; but in no 
department is there such a rush for 
powers as in the underground electric 
railway section. Such projects, affect- 
ing the metropolis only, are legion, 
and if the promoters have their way, 
facilities will not be wanting for travel- 
ling between almost any two points in 
London. If carried out, they will make 
much work for the engineering and 
electrical industries; but whether they 
will all pay the investing public is, we 
are glad to say, a question which is 
not altogether within our province to 
discuss. Electrical power distribution 
schemes for new districts not included 
in last year’s applications are in evidence, 
and there are several important measures 
affecting the electrification of the Metro- 
politan “* Underground,” and the London 
County Council’s tramways. 


° e ° 


The late Lord Armstrong. 

In the person of the late Lord 
Armstrong there has passed away one 
of the most notable engineers of the 
nineteenth century. Death occurred at 
his Northumberland seat, Cragside, 
Rothbury, on Thursday last, December 
27th. Born at Shieldfield, Newcastle- 
on-Tyne, on November 26th, 1810, he 
was consequently ninety years of age. 

Many of our readers are doubtless 
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aware that at the commencement of his 
career Lord Armstrong was destined 
for the law, and it was not until he 
had reached his thirty-seventh year that 
he quitted that profession for that of 


engineering. He was, however, always 


an engineer at heart, and while practising 
as a lawyer, gave striking evidence ol 


His 


his mechanical inventive genius. 
first invention—at least the 
first we know of—was an auto- 
matic hydraulic wheel for con- 
verting a column of water to 
motive purposes. This did not 
realise what he expected of it. 
His next invention was his 
now well-known hydro-electric 
machine, which procured his 
admission to the Royal Society. 
The practicability of his hy- 
draulic machinery was demon- 
strated in 1845 when he obtained 
the consent of the Newcastle 
Corporation to apply the water 
in the street pipes in the lower 
parts of that town to the working 
of: the cranes upon the quay. 
The success of these cranes led 
to their adoption at the Liver- 
pool Docks, and similar ones 
have since been introduced to 
all the great ports of the world. 
The Society of Arts awarded 
him the Albert Gold Medal for 
this important invention. In 
1847 he started the works at 
Elswick for the manufacture of 
hydraulic machinery, and later he 
established an ordnance department 
for the construction of improved types 
of artillery. He was afterwards 
appointed Inspector-General of Rifled 
Ordnance to the War Department, 
which appointment, however, he relin- 
quished after a few years’ service. 
He then returned to the Elswick 
Works, which rapidly expanded under 
his undivided attention, and which were 
soon working at their full capacity in 
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the manufacture of ordnance, from the 
small field guns to the monster battle- 
ship types. The Elswick firm in 1882 
amalgamated with Messrs. Charles 
Mitchell & Co., and the two concerns 
were formed into a lhmited_ hability 
company witha capital of two millions— 
afterwards increased to three millions. 


In 1896 the firm amalgamated with 


THE LATE LORD ARMSTRONG. 


that of Sir Joseph Whitworth & Co., 
undertthem= presentistyle-on** Sir, WG. 
Armstrong, Whitworth & Co. (Limited).”’ 
On presenting his patents to the nation 
Mr. Armstrong was knighted, and in 
1887 his great services to his country 
were recognised by his elevation to 
the peerage. Lord Armstrong was 
president of the Institution of Civil 
Engineers in 1882, and has thrice been 
president of the Institute of Mechanical 
Engineers. 


The Armstrong Gun. 

It was while reading an account of 
the battle of Inkerman that Lord Arm- 
strong’s attention was directed to the 
improvement of artillery. The require- 
ment of the day was for light guns with 
a long range, the short bore cannon 
of the time being inefficient for any 
service at all proportionate to their 
expense, transport and manipulation. 
Then it was that Lord Armstrong, after 
experiments, produced a gun 
with a steel barrel, rifled on what he 


many 
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was then machined to the required 
dimensions for passing over either the 
steel barrel or the first layer of wrought- 
iron jackets. This process came to be 
known by the term ‘“ built-up” guns. 
The cylinders were first expanded by 
heat, and then ‘‘ shrunk on ”’ the interior 
tube by the effect of the contraction of 
the metal that ensues during its cooling. 
This had the consequence of compress- 
ing the barrel whilst expanding the 
cylinder, giving great strength without 
additional weight. The enormous 


A VIEW IN A GUN MACHINE SHOP AT THE ELSWICK WORKS. 


denominated the ‘“‘ polygroove”’ system 
(i.c. with a large number of shallow 
grooves). The steel barrel was sup- 
ported externally by hoops or jackets 
of wrought iron, which were constructed 
by winding a long bar when red hot 
round a mandril, and so forming a 
cylinder having the appearance of a 
closed helical spring. 
welded, and the cylinder formed with 
solid walls, the fibre of the metal 
running circumferentially, thus present- 
ing the best condition for resisting cir- 
Each cylinder 


cumferential strains. 


This was then 


importance of the ‘“ built-up” system 
may be gathered by the fact that, prior 
to its origination by Armstrong, all 
heavy had been cast in one 
piece. 

The success of the new weapon was 
instantaneous, and at once rendered 
obsolete the cast-iron weapon. Its 
accuracy and range, in comparison with 
all contemporary practice, were simply 
marvellous. The Armstrong gun of 
that time would make no contemptible 
appearance when matched against even 
the latest developments in artillery of 


guns 
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Ut 


GUN FINISHING SHOP 
the present day. The mechanical diff- 
culties in the construction of the Arm- 
strong were at first prodigious. It must 
be remembered that the inventor had 
not merely to invent, but in addition, 


to instruct his workmen, to devise 


machinery and methods, with all the 


THE JAPANESE BATTLESHIP “‘ YASHIMA,” 


AT THE 


ELSWICK WORKS, 


other innumerable details inseparable 
from the founding of a new 

The extent of the obstacles in his way 
may be gauged by the circumstance 
that he was during two years incessantly 
occupied with an order for six guns, 


which it occupied him that space of 


industry. 


BUILT BY SItk 
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time to produce. Lord Armstrong also 
introduced at this time a breech-loading 
mechanism. 

Between the years 1859 and 1863 
Lord Armstrong produced over 3,500 
guns ranging from 2°5 in. to 7 in. calibre, 
and to-day, as everyone knows, every 
nation in the world employs the gun of 
this great engineer to defend its rights 
and liberties. To what amammoth con- 
cern the firm of sir, WetG. Armstrong, 
Whitworth & Co., Limited, has grown 
may be realised by the fact that at their 
Elswick and Walker-on-Tyne establish- 
ments alone some 24,000 men_ find 
permanent employment, exclusive of 
those employed in coal-mining and the 
company’s works in Italy. It is esti- 
mated that upwards of 80,000 people 
are more or less dependent on the 
company, whose extensive operations, 
it must also be mentioned, includes the 
building of war vessels of all descrip- 
tions. We are able to produce some 
photographs cognate to these works and 
productions. 
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Three=Phase versus Direct Current, 


Polyphase systems are employed in 
connection with a number of English 
lighting nd railway plants of large 
capacity, but the comparative advan- 
tages of direct current and three-phase 
distribution for small installations has 
just been discussed in a recent contri- 


bution to the Manchester Electrical 
Bncineers-« Mie bitte aclee\inl Gets 


M.I.E.E., raised as his. chief point 
whether distribution from sub-stations 
should be by polyphase or direct, and 
whether for smaller installations one 
system offers such advantages over the 
other as to warrant a preference being 
given. The conclusions arrived at were 
that in many cases where lighting alone 
is required, the first cost is very similar, 
but the simplicity of ‘direct ” (both as 
regards wiring and regulation of voltage) 
gave it the preference. The same system 
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was considered to possess decided advan- 
tages where a number of motors are on 
circuit, whether the system included 
lighting or not; and, further, batteries 
could not be employed with polyphase 
systems, even for a night load. 

one > ° 


Electric Tramways in South Lanca- 


shire. 

The South Lancashire Tramways 
Act, passed last session, authorised the 
construction of an expensive system of 
electric tramways for the transport of 
passengers and goods in the populous 
districts lying between Manchester and 
Liverpool. The scheme, which is the 
largest ever embraced in a private Act, 
extends to 84 miles of tramway track, 
and establishes a network of lines com- 
mencing at Eccles, near Manchester, 
and terminating at the borough boundary 
of St. Helens. The line then passes 
over 22 miles of track belonging to the 
Corporation of St. Helens, and taking 
up the route of the Prescot and Liver- 
pool Light Railway, which is in reality 
an electric tramway, proceeds direct to 
Knotty Ash, at the boundary of the city 
of Liverpool, where it joins the system 
belonging to the Corporation of that 
city. The aggregate length of these 
lines is altogether 107 miles, and the 
importance of the system will be realised 
when it is stated that it establishes un- 
broken tramway communication between 
the cities of Liverpool and Manchester. 
All the principal towns of South Lan- 
cashire are touched en voute. The 
population of the district numbers 
several millions, so that there is an 
assurance of an immense .passenger 
traffic between the several districts. 

° ° ° 
High Railway Speed in France. 

One of the new four-cylinder com- 
pound engines now at work on the 
Chemim ede Per sdu Nord inet tance 
made an interesting run recently. These 
engines weigh 63 tons each, without 
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their tenders, which latter weigh 45 
tons. The weight behind the tender on 
the occasion of the trip was 277 tons. 
The run was from Paris to Charleroi. 
On the down grades the speed rose to 
over 76 miles per hour, and one level 
stretch of 30 miles was run at an average 
speed of 68 miles per hour. On the 
next stage of the journey, six miles out 
from St. Quentin, a gradient of 93 miles 
long, and 1 in 200, was taken at an 
average speed of 58% miles per hour ; 
and, in fact, the speed never fell below 
55°9 miles per hour at any part of the 
incline. On the return journey the load 
behind the tender was 300 tons, and the 
engine was let go on the long incline 
between Survilliers and Paris, a distance 
of 45 miles, at a speed of 804 miles per 
hour. Of this distance, 3 kilometres 
(1% miles) were taken at a speed of 81°38 
miles per hour. 
° a4 ad 


Central London Railway. 


During the first few days after the 
opening of the Central London Railway 
the number of passengers carried was 
about 100,000 per day. ‘This is equal to 
about 36,000,000 per annum, or six anda 
quarter millions per mile perannum. As 
the traffic develops and the train service 
becomes more frequent, there is no 
doubt that more than seven million 
passengers per mile per annum will be 
carried. The running time of the trains 
correspouds to an average speed of 14 
miles per hour, including stops, and 
requires a maximum speed _ between 
stations of from 24 to 28 miles per hour. 
Thirty-two electric locomotives have 
been provided, as it is intended 
eventually to havea two-minute service, 
requiring 28 trains. Each train con- 
sists of seven long eight-wheeled bogie 
carriages, weighing about 150 tons 
loaded, with a seating capacity for 336 
passengers. The interior of the cars 


iS arranged on the central corridor 
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principle, with both longitudinal and 
cross seats. Entrances are at the end of 
each car, and are provided with swing 
gates manipulated by the conductor, 
after the style of the New York Elevated 
Railway. The success of the Central 
London Railway should banish the last 
vestige of doubt from the minds of the 
directors of the Metropolitan and Dis- 
trict Railways as to the practicability 
of carrying out at once the scheme 
which they have now been considering 
for several years. The new line has 
been working only three months, but 
the Railway and Tramway World, in a 
very interesting article on this novel 
railway, states that the underground 
steam lines are already feeling the effect 
which the improved conditions of travel 
by electric traction have secured. 
° e ~ 

‘‘What is a Civil Engineer ?’’ Omission. 

Through a printers’ error the acknow- 
ledgment was not made in the usual 
way that the excellent paper, ‘‘ What 
is a Civil Engineer ?”’ by Mr. Frederick 
J. Rowan, was one read before the 
Glasgow Association of Students of the 
Institution of Civil Engineers, and as 
this sheet goes to press later, we hasten 
to make the amende honorable here. 


me a 
Testing Laboratories. 

Professor Bovey’s article describing 
the equipment and some of the work 
done at the McGill University, Mon- 
treal, which appeared in our last issue, 
has attracted so much attention that 
we have arranged fora series of such 
articles to appear in the Lugineering 
Times during the present year. We 
shall also supplement these articles with 
descriptions of some testing machines 
exhibited at the Paris Exhibition. 


° < 


Power Gas and Large Gas Engines for 
Central Stations. 


The above is the title of one of the 
most interesting and valuable papers 
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recently presented to the members of 
the Institution of Mechanical Engineers. 
The author is Mr. H. A. Humphrey, of 
Norwich. We have not the space to 
deal fully with it here, but we give one 
or two points from it. 

The average total cost of a unit of 
electricity generated by electric-supply 
undertakings in this country in 1898 
was 2°81d., of which the expenses of 
generation were 1°7gd. There were 
certain companies who were prepared to 
supply electric energy for power pur- 
poses at Id. per unit, but even this figure 
was too much for manufacturers who 
required large currents, and who could 
not pay more than 3d. per unit. How 
was this cheap current to be obtained ? 
He believed by the use of power gas 
and large gas engines. The objections 
to the use of gas engines for the purpose 
had disappeared since the introduction 
of the Mond producer-plant. By using 
Mond gas the fuel cost per unit of 
electricity generated was, including all 
cost of labour, repairs, etc., at the gas- 
producer and recovery plant, less than 
go@. per unit at the switchboard, as 
proved byactual practice at Winnington. 
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The special features of gas engine 
practice which have enabled gas engines 
to be made of powers far beyond those 
formerly thought possible were then 
briefly dealt with. 

America, France, Germany, Belgium, 
and lastly Britain, were now turning out 
large gas engines, and the author had 
information to show that the orders for 
large gas engines exceeding 500 h.-p. 
collectively amounted to over one 
hundred engines. With such results 
before them, the time had arrived for a 
careful study of the advantages to be 
gained by the adoption of a combined 
Mond producer-plant and gas engines ; 
and the subject might be considered 
under the following headings :—(a) The 
possibility of using cheap fuel, and of 
recovering its ammonia; (b) the greater 
economy of gas engines as compared 
with steam engines; (c) the simplicity 
and reliability of gas engines; (d) the 
advantages of gas producers over steam 
boilers; and (e) cost. 

A most interesting discussion followed 
the reading of the paper, which dis- 
cussion will be continued on the 18th 


instant. 


THE BACTERIAL TREATMENT OF SEWAGE. 


By E, BROOKE PIKE, F.C, 


Pieeceuse OL hope, in which the 
interested inquirer may now 
approach the sewage problem, 

was unknown to the searcher of a 
decade ago. If hope existed, it was 
foredoomed to an early disappointment, 
for the hundred and one processes and 
patents extant were, in the majority 
of cases, more remarkable in their 
promises than in their achievements. 
_ Most people have a very hazy notion 
(if they possess any at all) of what 
sewage is really like. The sewage of 
London, which includes all rainfall, 
street washings, &c., is a river whose 
volume of fully 200 million gallons 
a day would be represented by a canal 
8 ft. deep, 40 ft. wide, and 19 miles 
in length. When it rains over such 
a large area as London’s drainage 
system covers, the volume is, of course, 
very largely augmented. This river 
of sewage contains suspended solids 
(that is, solid particles floating in the 
water ) amounting to only about 30 grains 
per gallon; or, more graphically, 1 Ib. 
of solid matter is distributed through 
233 gallons of water. About half of 
this solid matter is ofan organic nature, 
and liable to putrefaction. But the 
sewage also contains a large quantity 
of organic matter in solution which, 
unless it be either got rid of, or a radical 
change effected in its constitution, will 
cause the liquid to undergo subsequent 
putrefaction, even if the suspended solids 
have all been previously removed. 
With regard to precipitation processes 
by the aid of various combinations of 
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chemicals, sewage can be freed, in a 
greater or smaller degree, from the solid 
matters in suspension; but the impuri- 
ties held in solution are, in no case, 
removed to any considerable extent. 
If, therefore, the process were capable 
of removing the whole of the suspended 
solids, and producing a liquid in appear- 
ance like clear water, it would, owing 
to the foul matters held in solution, 
presently putrefy, and become an abom1- 
nation. 

and @ireatment mor so-called: “412 
tration’’ through soil, was work carried 
out on what we now know to be the 
right lines; but it had several draw- 
backs: the necessity for a very large 
area of land of a sandy or porous 
nature (George Thudichun calculates 
that the sewage of London would re- 
quire one hundred square miles of the 
most favourable soil for its treatment 
if the solids were not previously re- 
moved); the difficulty of preventing 
the land becoming water-logged and 
refusing to absorb the constant onflow 
of sewage; in wet weather, when the 
land was less capable of absorbing extra 
moisture, a greater bulk had to be dis- 
posed of, if, as in most places, the rain- 
fall was included in the town sewage. 

With the advent o the Bacterial 
System, the big difficulties of sewage 
disposal vanished. ‘The process is sim- 
plicity itself, and is of such general 
interest, that, although many pamphlets 
and articles have already been published 
on the subject, a description of the 
process will well bear repetition. 
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The sewage itself contains a multitude 
of minute living organisms, belonging 
to the vegetable kingdom, called bac- 
teria, which are capable, under favour- 
able conditions, of transforming the 
complex organic substances contained 
in sewage into soluble inoffensive 
gaseous and mineral matters. Given 
the necessary conveniences, the sewage 
These 
conveniences are supplied most satis- 
factorily in two ways: one, the Dibdin 
or Sutton System, which depends en- 
tirely upon the action of aérobic bacteria 
(bacteria requiring air for their exist- 
ence); and the other; the Exeter or 
Septic Tank System, in which the work 
is first prepared for the aérobic by the 
action of anaerobic bacteria (those existing 
in the absence of air). 

In the first-named method the sewage 
is led into a bed or tank filled with frag- 
ments of coke, or other material, of about 
the size of walnuts. The bed is filled 
to a level just beneath the surface, and 
the sewage allowed to remain in contact 
withthe coke for two hours. The liquid 
is then drawn from the bed by means of 
an outlet at the bottom, myriads of bac- 
teria being left behind in the interstices 
of the coke. As the liquid is drawn 
from the bottom of the bed, air takes 
its place from above, and the bacteria, 
in contact with this air, multiply at an 
amazing rate, and feed upon the refuse 
which has been left clinging to the coke 
fragments when the liquid was drawn 
off. A very faint conception of the huge 
numbers of bacteria which may thus be 
harnessed to the purifying plough, may 
be obtained when it is considered that 
half a pint of London sewage will often 
contain as many as two thousand millions 
of these bacteria, and their reproductive 
power reads like a fairy tale. A single 
bacterium will, in half an hour, break 
in halves, leaving two bacteria in the 
place of one; in another half hour these 
two bacteria will have reached maturity 


will work out its own salvation. 
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—bisected themselves, and there will be 
four, and so on. In this way half a pint 
only of sewage would, in the course 
of five hours, account for a production of 
205 million millions of bacteria! For- 
tunately for humanity, the life of bacteria 
hangs upon a very delicate thread, and 
a change in the conditions of, say, tem- 
perature, effectually disposes of myriads; 
still, there are always sufficient left to 
carry on the task of supplying a coke 
bed with a complete working population. 

At the second filling of the bed the 
process is repeated, the bacteria which 
have already taken up their residence 
meanwhile attacking the sewage for their 
food supply, and thus effecting the con- 
stitutional changes resulting in its purifi- 
cation. It may well be asked, what 
becomes of the surplus population? The 
answer is simple. If the bed becomes over- 
stocked with bacteria, the food supply 
beco:nes insufficient; the ‘“‘ surplus”’ dies 
from inanition, and becomes food for the 
SUIVIVOTIS. 

A surfeit of food will encourage the 
growth of anaérobic, or putrefying, bac- 
teria at the expense of aérobic, or oxidis- 
ing, bacteria. Therefore, while a bed is 
“young’’ and the bacteria not fully 
developed in number, it 1s given one 
filling a day; as time goes on and the 
bacteria thrive and increase in numbers, 
two, three, and eventually four fillings 
a day may be dealt with. 

In its passage through a coke bed, as 
described above, the sewage is purified 
to the extent of about sso=pere enim, 
calculated on the dissolved impurities 
alone; but in addition to this, nearly all 
the suspended solids are also removed. 
If urther purification be desired, as 
would be the case were the final liquid 
to be discharged into a relatively small 
stream, or one where a high standard of 
purity was required, a simple repetition 
of the above process would be necessary, 
in a bed consisting cf a somewhat 
finer grade material. This secondary 
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treatment would remove any trace of 
suspended solids remaining in the first 
bed effluent, and would further remove 
about 50 per cent. of its dissolved 
impurities. 

In the Exeter or Septic Tank System, 
the place of the first, or coarse coke bed 
is taken by a closed-in tank, into which 
the sewage is conducted through pipes 
below the surface of the lhquid, when 
Piestatwetse tireesfourths full. Air is 
thus excluded, and the growth of 
anaérobic, or putrefying, bacteria en- 
couraged. The part these bacteria 
play is that carried on naturally when 
an organic substance. putrefies and 
becomes converted into gases and water. 
The solid particles of an organic nature 
in the sewage become partially dissolved 
in this tank or chamber, and the resulting 
liquid is allowed to flow into a coke bed, 
where the aérobic bacteria. complete 
the work by oxidising the dissolved 
impurities, and bringing into solution 
and oxidising the eight or ten grains 
per gallon of suspended impurities still 
remaining in the liquid, in the manner 
described in the first-mentioned system. 
The Septic Tank is, in fact, simply a 
glorified cesspool, and presents another 
instance of the old saying that there is 
nothing new under the sun; for I sup- 
pose this most modern method of dis- 
posing of sewage is also the most ancient 
the world has possessed since civilised 
communities existed. 

The resolution of the foul matters of 
sewage into inoffensive materials is 
mainly carried out in the following 
stages—Tirst, the nitroferous- organic 
bodies are broken down into ammonia, 
which combines with the carbon dioxide 
gas, held in sojution by the sewage, 
and forms ammonium carbonate. This 
is converted by the bacteria into nitrous 
and nitric acids. These acids, immedi- 
ately on forming, combine with alkaline 
bases usually present in sewage, and 
constitute harmless neutral soluble salts, 
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which are carried away in the liquid 
flowing from the bed. This may be 
either run into a stream, or, if desirable, 
applied to crops, which would, in this 
way, obtain the manurial value of the 
sewage in a most assimilable form, 
and unattended with the objectionable 
features usually obtaining upon an 
ordinary sewage farm. 

The above is a description of the 
general features of the two principal 
bacterial processes. There are, however, 
many details which are vital to the 
success of the method, amongst the 
chief being the necessity for thorough 
aération of the beds. The microbes 
dépend for their “existence upon the 
oxygen they derive from the air—there- 
fore, after a bed has rested full for two 
hours, during which the bacteria are at 
at work upon the liquid and part of the 
solid impurities, it should be allowed a 
‘draining period”’ of, at least, several 
hours, during which, in the presence of 
air, the bacteria recoup their energies, 
and actively attack the putrescible 
INAtteL See DeLee SOliC mp articles, (Ol 
“sludge,” which has been left behind 
in the interstices of the bed when the 
effluent has been drawn off. Another 
detail of very great importance is the 
provision of a preliminary tank or catch- 
pit, through which the sewage flows, and 
becomes freed from the sand and other 
heavy mineral matters, and from cellu- 
lose substances, such as water-logged 
wood-fibre (derived from wood paving), 
chaff (from horse sweepings), paper, etc., 
because, as a graphic gentleman once 
put it, ‘‘ Bacteria can hardly be expected 
to digest granite!” and the cellulose 
substances are but slowly acted upon by 
bacteria. If, therefore, these substances 
were not kept back, a bacteria bed 
would gradually become choked, and 
the air space, or liquid capacity, of the 
bed would diminish until the bed even- 
tually became useless. 


The purification of sewage by 
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bacterial means was mainly the outcome 
of an exhaustive series of experiments 
carried out by the Massachusetts State 
Board of Health, U.S.A., and in the 
early days London did much to bring 
the process into a more practicable 
working form. But, alas! London lags, 
and still deals with her sewage by the 
now antiquated method of precipitation 
with chemicals, while many of her little 
sisters, availing themselves of the know- 
ledge and experience she has gained 
and published to the world, are profiting 
by her labours, and are now well on the 
way to what we may anticipate will 
prove a final and satisfactory solution 
of their difficulties. Nevertheless, in 
extenuation, it must be borne in mind 
that London would have risked a very 
erave censure were she to have com- 
mitted herself to such a huge under- 
taking as would have been entailed by 
the conversion of the precipitation into 
the biological system, without having 
first thrashed out every detail of so 
radical a change. A third report will 
very shortly be published by the London 
County Council on the experiments 
carried out at the outfall stations, the 
contents of which show that the matter 
is not falling into abeyance; but think- 
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ing people are beginning to murmur 
that the time and the subject are now 
ripe for a trial on a more extensive 
scale than the report indicates, and 
they would like to see London back up 
her opinions by advancing from the 
comparatively small scale experiment 
into a trial of a really practical nature. 
If she were to commence, say, by in- 
stituting beds and plant capable of 
dealing with a tenth of her daily sewage 
flow, and that should prove a success— 
as all reports certainly lead us to believe 
—she might then lay down further 
plant capable of dealing with another 
tenth. By proceeding in this way the 
constructive cost would be spread over 
a long period, and any later improve- 
ments or developments might be intro- 
duced as the work progressed. In this 
way, too, the sewage effluent, which 
increases 1n volume with the population, 
would gradually improve in quality, 
and its effect on the river which finally 
receives it would be prevented from 
being obnoxious or even perceptible, 
and we might reasonably hope at last 
to see Father Thames cleansed from 
the slime with which generations of 
past want of knowledge has clothed 
him. 
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PUMPS: THEIR CONSTRUCTION AND 
MANAGEMENT. 


By PHILIP R. BJORLING. 


Consulting Engineer and Author. 


(Continued from p. 551, Vol. IV.) 


EPVUNGER 


HERE are three types of these 
pumps, namely: — Those in 
which the two plungers recipro- 

cate; those in which one plunger and 
one working-barrel reciprocate; and 
those that have one large and two small 
plungers. 

A plunger and plunger pump in which 
the two plungers reciprocate is illus- 
trated in sectional elevation (Fig. 30). 
A is the large and B the small plungers, 
between which is secured a delivery- 
clack piece C, provided with a door 
for access to the delivery-clack. ‘The 
large plunger, A, works in the lower 
working-barrel D, which is provided 
with a suction-clack piece E, also 
furnished with a door, for access to 
the suction-clack. F is the working- 
barrel for the small plunger B. Gis 
the suction-pipe, and H the delivery- 
pipe or rising main. The two working- 
barrels D and F are provided with 
glands and stuffing-boxes for their re- 
spective plungers. This class of pumps 
is in reality double-acting hollow plunger 
pumps; they have the same advantages 
as the single-acting type, and the action 
is thesame as the piston and plunger 
pump, the large plunger being double 
the area of the small one; hence the 
suction is single-acting and the delivery 
double-acting. Two trunnions are pro- 
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AND PLUNGER PUES: 


vided on the side of the delivery-clack 
piece C, to which the pump-rods or 
wood spears are connected. This class 
of pumps is very compact, and there 
being two rods they may be carried 
straight up the shaft, and the pumps, 
for the different lifts or stages, may be 
placed between the two rods, and secured 
by set-offs, therefore occupying very 
small space in the shaft or well. 

Ni Gari Okes or london; has 
designed and patented a very neat 
arrangement for securing the valves. 
This pump is illustrated in sectional 
elevation (Fig. 31) and part sectional 
plan (Fig. 32). This pump is specially 
recommended for sewage and sludge. 
It consists, as the last example, of two. 
hollow plungers, one being one-half the 
area of the other, working in stuffing- 
boxes provided in the working-barrels. 
The enlarged chamber A contains the 
delivery-valve, which is _ accessible 
through the cover B. The suction- 
valve C is accessible through the 
cover D. The suction and delivery- 
valves are of the ordinary clack type ; 
the seats, formed somewhat like an 
ordinary saucer, are so arranged that 
they and their respective valves can be 
removed by simply slackening some 
screws: in fact, this is so easily done 
that one pump, in actual work, had the 
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engine stopped, valve removed, replaced they pass through the pump. This is 
and the engine re-started in the short of very great importance for sewag 
space of little more than six minutes. pumps on account of the great amount 

It will be clearly seen by referring of gas in the sewage. The only place 
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SECTIONAL ViEWS OF PLUNGER AND PLUNGER PUMPS. 


to the illustration (Fig. 31), that the where air can lodge is at E, above the 
clearance space and air-lodges are not bore of the hollow plunger. To expel 
very large, and the water or other that and to charge the pump, a valve F 
liquid has a straight flow, the currents _ is fitted on the top of the working-barrel, 
not being reversed during the time which should be opened periodically. 


Pumps: Their Construction and Management, 1) 


The plungers are actuated by means 
of two rods G, which are coupled at 
one end to the delivery-valve box, at 
the other end to a cross-head H, to the 
centre of which the driving-rod issecured. 

This design is of course equally applic- 
able to vertical working, 
when it will make a very 
good sinking pump on 
account of its simplicity 
and the 
the different parts. 

A plunger and plunger 
pump of this class is shown 
in sectional elevation 
(Fig. 33), in which both 
the plungers are closed at 
the ends, so that no water 
or liquid can pass through 
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It consistS of two 
plungers, A and B, one 
one-half the area of the 


them. 


other, working in the same 
pump-body C, which is 
divided in the middle of its 
length by a diaphragm D, 
furnished with a stuffing- 
box and gland E, in which 
the large plunger A works ; 
the small plunger B work- 
ing in the stuffing-box and 
gland F, provided in the front cover G. 
The two plungers are coupled to the 
pump-rod H by means of a cotter. A 
cover J is provided at the back end of 
the pump-body for access to the two 
plungers. K is the suction inlet, L the 
suction-valve box, secured to a branch 
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FIG. 34. 


accessibility of 


on the side of the pump-body; N the 
delivery-valve box. O isa passage lead- 
ing to the front end of the large plunger, 
and P the delivery branch. Frequently 
the suction-valve box is cast in one with 
the back cover, instead of being placed 
on the side of the pump-body, as in the 
present example. That isa goodarrange- 
ment, inasmuch that the flow of the 
water is direct into the working-barrel, 
instead of passing in to it sideways; 
but “ifsismopens tos tiesobjection thar, 
when the cover has to be removed, the 
suction-pipe joint has to be broken, 
and two joints to be re-made instead of 
one. 

The second class plunger and plunger 
pumps, in which one plunger and one 


working-barrel reciprocate, is repre- 
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FIG. 36. 


sented by a modification of the 
‘« Rittinger”” pump, which has obtained 
its name from the inventor, Herr 
Rittinger, an eminent German hy- 
draulic engineer. These pumps have 
been adopted by Messrs. Haniel and 
Luig, of Diisseldorf, in connection with 
large shaft-boring apparatus on the 
Kind-Chaudron and Lippmann’s sys- 
tems. It is illustrated in sectional 
elevation (Fig. 34), elevation of delivery- 
clack piece (Fig. 35), and sectional plan 
of delivery-clack piece (Fig. 36). A is 
the inlet branch or suction pipe; B the 
suction-clack piece; C is the plunger- 
case for the large plunger D, this case 
being fitted with a stuffing-box and gland 
E ; F is the delivery-clack piece, which 
is bolted to the top of the large plunger 
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D; on the top of the former is bolted 
the plunger-case G, for the small plunger 
H, which latter is stationary and forms 
the rising main; the plunger-case G 
also acts as a delivery air-vessel. The 
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small plunger-case G is furnished with 
a stuffng-box and gland J, which slides 
on the small plunger. K and K are two 
gudgeons on which work the two pump- 
rods L and L, the two cross-heads 
allowing for any vibration of the rods. 
It will be noticed that the moving parts 
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in this class of pump consist of the 
large plunger D, delivery-clack piece 
F, and the plunger-case G for the 
small plunger. M is a door for access 
to the suction-valve, and N to the 
delivery-valve. 

The third class of plunger and plunger 
pump—that is, those which have one 
large and two small plungers—is repre- 
sented by the ‘‘Denaby ” sinking pump, 
patented by Messrs. Bailey and Linde- 
mann, and manufactured by Messrs. 
W. H. Bailey, of Salford. It makes an 
excellent sinking pump, it having the 
great advantage that every part is well 
balanced. It is shown. in -sectional 
elevation (Fig. 37). In this case we 
have three plungers, A,) BR andsGrerie 
small plungers B and C are one-fourth 
of the area of the large plunger A. D 1s 
the plunger-case for the large plunger A. 
E and F are the cases for the two 
small plungers, and the delivery-valve 
or valves, as the case may be, is placed 
in a Clack piece formed on the top of the 
large plunger inside the plunger-case for 
the small plungers. In the example 
before us the pump is worked direct 
from a steam cylinder, and the case for 
the small plungers is coupled to the 
steam piston-rod by a cotter. The 
small plunger B, in this case, acts 
as an air-vessel, and the water is 
delivered through the small plunger C, 
into the back-pressure or retaining 
valve G. 

Advantages and disadvantages of the 
last three classes of pumps are :— 

BuckEeT AND PLUNGER Pumps.—Ad- 
vantages :—The pump is double-acting 
with only two valves, namely, one 
suction and one delivery. 

The pump being double-acting in its 
delivery, it delivers a more constant 
stream than the ordinary single-acting 
bucket pump. 

The disadvantages are:—The small 
area of waterway through the bucket, 
which produces increased friction. 
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The friction of the working parts is 
increased by having both a bucket and 
a plunger. 

Increased friction of water 
suction-pipe, on account of the pump 
only sucking once in one revolution or 
double-stroke, which makes the speed 
of the water in the suction-pipe double 
that of an ordinary single-acting pump 
of the same diameter as the plunger. 
The remedy for this is to make the 
suction-pipe twice the area of the pipe 
for a single-acting bucket or plunger 
pump equal to the diameter of the 
plunger. 

PISTON AND PLUNGER Pumps.—The 
advantage of this pump over the bucket 
and plunger pump is a large delivery 
passage, instead of the throttled water- 
way through the bucket. 

The disadvantage is :—The shock pro- 
cluced by the piston meeting and reversing 
the current of water. 

PLUNGER AND PLUNGER OR RAM AND 
Ram Pumps.—The advantages are the 
same as for plunger and ram pumps of the 
single and double-acting type, as regards 
the reduction of wear and tear through 
sand, grit, mud and other foreign matter ; 
also similar to the piston and plunger 
pump inasmuch that the pump is double- 
acting in its delivery, although it has 
only two valves. 

The disadvantages are :—The internal 
packing for the large plunger. 

The shocks produced by the plunger 
meeting and reversing the current of 
water; and 

The increased speed in the suction-pipe. 


in the 


WING OR SEMI-ROTARY PUMPS 
(DOUBLE-ACTING), 

This pump, we believe, was originally 
invented by a German, and was by him 
termed “Fligel Pumpen,” or Wing 
pump,, but since’ that time-it thas at 
various times received different names. 
Mr. Perkins gave it the name Oscillating 
or See-saw pump, but at the present 


time it is generally called the ‘‘ Semi- 
Rotary Pump.” It exists in two forms 
—namely, Double-acting and Quadruple- 
acting. 


j 


FIG, 38.—THE ‘‘ DENABY’ 


SINKING PUMP. 
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An example of the first class is illus- 
trated in half sectional elevation (Fig. 39), 
and sectional end view (Fig. 40). It was 
invented and patented by Mr. J. O. 
Lundberg, of Sweden. The patentee 
has given these pumps the name, ‘“ Flap- 
valve pumps.” The valve-box or cylin- 
der A of the pump is fitted with a 
cover B, through which passes the 
shaft or spindle C, on which the flap 
or wing D is secured. The walls of 
the cylinder A are hollow all round, 
and the space E thus obtained is 
connected below with the suction-pipe 
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F’, and serves as a suction air-chamber. 
The circular space E communicates 
likewise with the interior of the pump 
by the ports G, these ports being opened 
and closed by means of the suction- 
valves H, on both sides of the pivoted 
wing D. The top valve J—as usual, 
placed immediately above the suction- 
valves—and the arrangement of the 
wing and the other valves do not mate- 
rially differ from that of a common 
semi-rotary pump. The top of the interior 
of the cylinder communicates with the 
delivery-branch K. Thespace E, how- 
ever, iS not partitioned thereby, but, 
as shown in Fig. 39, behind the enlarge- 
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ment on to which the branch K is 
secured, the space is narrowed to a 
passage L, thus effecting the communi- 
cation between the two halves of the 
space E. That space can, however, 
be divided into two parts by filling up 
the passage L, when suction-chambers 
are obtained, one for each valve. The 
cover B is, as usual, secured to the 
cylinder, packing being laid between 
the surfaces of contact. In the centre 
of the lid is a stuffing-box M, through 
which the shaft C of the wing passes. 
On the box M, and provided with a 
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FIG. 40. 


screw thread, there is a disc N, having 
wings O, by which it may be turned 
round. The under side of the disc N, 
when screwed down, rests, with the 
intervention of packing, against a ring 
P on the front of the cover. Holes are 
so arranged in the cover that one or 
more of them, R, extend to the space 
under the delivery-valves J, and one or 
more of them, S, to the space above 
the said valves. When the disc N is 
screwed away from the cover, the outer 
ends of the holes R and S will be un- 
covered, whereby the water in the 
pump is partly enabled to get out, and 
the air partly enabled to get in. In 
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order to effect a complete exhaustion of 
the pump, the wing D should be moved 
to and fro by means of the lever on 
the shaft C of the wing, which will 
facilitate the exit of the water on either 
side of the wing. The air thus enters 
through the holes S, and the water 


the suction-pipe may be of a smaller 
diameter, because the water circulates 
therein without interruption. 


ACTION SEMI-ROTARY 
PUMP. 


One of this class of pumps, manu- 
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flows out through the holes R. By  factured by Messrs. W. H. Wilcox, of 
this complete exhaustion, | 3 
the pump will be frost- Sea 42. 

| 


proof. The action of [ 


the suction - chamber of 
the pump may.be ex- 
plained in the following 
manner: — When __ the 
pumping commences, 
there is air in the space E, 
constructed in the walls 
Or the cylinder.. Part of 
this air goes up through 
the suction-valves H, by 
the alternate motion of 
the wing, and the water 
is drawn in through the 
suction-pipe F. When 
the water has risen up to 
the ports, it is drawn into 
the cylinder, while the 
top of the space E fills 
moreand more with water. 
Every time the wing is 
moved towards either side, 
the water is drawn in 
through the suction-pipe, 
in order to fill the re- 
mainder of the space or 
chamber E. When the 
wing has returned, and 
one of the suction-valves 
is opened, the pump acts, 
on the contrary, by suction on the 
Water in the pipe. Thus it is clear 
that there will occur no shocks in the 
suction-pipe, but that a suction exists, 
and acts even in the turning movement 
of the wing; and it will be seen that a 
pump arranged in this manner yields 
more water than a wing pump of the 
ordinary construction ; and besides this, 
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WILCOx’s QUADRUPLE ACTION 
SEMI-ROTARY PUMP. 


London, is iJlustrated, with the front 
cover removed, in elevation (Fig. 41); 
cross-section on the line 1-2 (Fig. 42); 
sectional elevation on the line 3-4 (Fig. 
43); and section on the line 5-6 (Fig. 44). 
A is the cylinder or pump body, which 
is divided into four compartments, B and 
B, C and C, by means of two rigidly 
inserted valve seats D and E, which are 
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{itted with four valves, F, G, H, and J, 
and which also serve to support the 
wings Kand K. The wings are not fitted 
with any valves, but are provided with 
two central ports or passages crossing 
each other obliquely. L and L are the 
passages connecting the spaces B and B, 
and the passages M and M, similarly 
establishing independent communication 
between the spaces C and C. 

Theaction of this pump is as follows :— 
If the lever, secured to the spindle N, 
is moved to the right, the wings travel 
in the direction of the arrow O, and the 
water or other liquid enters through 
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illustrated in sectional 
elevation (Fig. 44); and cross-section 
(Fig. 45). To the end of the cylinder 
A is secured a collecting or delivery 
chamber B, from which the delivery 
branch C ascends. The pump is fitted 
with eight valves, four for suction and 
four for delivery. The valves H, J, K 
and L, in the end M of the cylinder, are 
provided with strengthening flanges, and 
are placed on the inner side of the cylinder 
end, so that they may open inwards to 
the pump, and thus become the suction- 
valves. The valves N, O, P and R, 
the suction-valves and 


Lundberg is 


are opposite 


FIG. 45. 


the suction-valve E, the space B, and 
thence through the channels L and L 
into the second space B. If the wings K 
are then moved in the opposite direction, 
as indicated by the arrow P, the two 
spaces Cand Care similarly filled through 
the suction-valve G and channels M and 
M, respectively, while at the same time 
the contents of the compartments B and 
B are discharged through the passages 
L and L, and delivery-valves J, and so 
on. R is a screw plug, by removing 
which the pump can be emptied when 
the pumping operation is stopped. S is 
the suction branch, and T the delivery 
branch. 


A Quadruple pump patented by Mr. 


FIG. 46. 


open towards the delivery chamber B, 
and thus they constitute the delivery- 
valves. On the shaft S, which passes 
through the pump cylinder, the wings T 
are fixed; the interior of the cylinder is 
divided into two parts by the fixed 
partition wall U, which fits into a groove 
in the ends and the sides of the cylinder, 
and extends close up to the centre boss 
of the wings. By imparting an oscillating 
motion to the wing, the pump has a 
quadruple action. A metallic wire gauze, 
V, is fastened on a projecting flange on 
the cylinder, and on the centre of the 
cylinder surrounds the shaft, preventing 
any solid matter from getting into the 
pump. These pumps, worked by wind 


Pumps: 


E SINS 


7 
Ua 


VLDL 


Jf 


De WN 
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engines, have for years been successfully 
adopted for re-claiming land in the Baltic. 

The advantages of Wing or 
Semi-Rotary pumps are: They 
are simple in construction ; not 
liable to get out of order; and 
take up very small space. 


DIAPHRAGM PUMPS. 


The pumps of this class are 
very useful when foul liquids or 
acids are dealt with, which will 
injure the bored part of the 
pump, and the reciprocating 
piston. 

We represent this class by 
the ‘“* Dando” pump, manufac- 
tured by Messrs. Duke and 
Ockenden, of Littlehampton, 
which is shown in sectional 
elevation (Fig. 47), and a repro- 
duction of one arranged on a 
wrought-iron stand (Fig. 48). 
A is the suction-valve; B the 
pump chamber: C the dia- 
phragm, made of india-rubber, 
iethe centre of which is 
arranged the delivery-valve D. The 
diaphragm is deflected by means of two 
bolts, E and E, secured to the cross- 
head F, and pump lever G. H is the 
delivery spout, the diaphragm being 
held firm between that and the pump 
chamber B. ound the delivery hole 
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in the diaphragm are placed circular 
flanged plates for stiffening it, and the top 
plate serves the purpose of the delivery- 
valve seat, the beat for which is formed 
by the inward flange of the diaphragm. 
When the disc is deflected downwards, 
as shown in Fig. 46, the capacity of 
the chamber is diminished, and, as the 
suction-valve prevents the liquid return- 
ing into the suction-pipe, it is forced 
to pass through the delivery-valve in 
the disc. On the return stroke, that is, 
when the diaphragm is moved to the 
position shown by the dotted lines, the 
pump chamber is enlarged, the delivery- 


FIG. 48.—THE ‘“‘DANDO”’ DIAPHRAGM PUMP. 


valve closed, and the suction-valve 
opened, the water enters the chamber, 
and so on. 


(Lo be continued.) 
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THE ECONOMIC ASPECT OF STEAM GENERATION. 


By W. FRANCIS GOODRICH, A.I.Mech.E, 
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G) S I write this Welsh Steam Coal 
costs about Thirty Shillings per 
tonin London. Even the most 

wealthy and prosperous of steam users 
have not faced the extraordinary advance 
in the price of fuel with equanimity, while 
hundreds of smaller users of steam power 
all over the country have been, and are 
yet troubled by an increasing cost of 
production and consequently vanishing 
profits. 

It is therefore an opportune time to 
look into the economic aspect of steam 
generation, although some _ pessimists 
would have us believe that steam was 
produced as cheaply twenty years ago 
as it is to day. 

It will be easy to show that such an 
idea is utterly fallacious, and that steam 
is produced at far less cost at this time 
than was the case even five years ago. 

I will go further, and say that steam is 
produced to-day far cheaper than ever 
before, and our best steam practice will 
compare favourably with anything in 
the world. Simultaneously with that 
advance in steam pressure with boilers 
from just above atmospheric pressure 
to an every-day working pressure of 200 
pounds to the square inch and upwards, 
there has been a remarkable advance in 
methods of burning fuel to secure the 
highest efficiency therefrom. 

Some few months since, when the 
Right Hon. A. J. Balfour, M.P., alluded 
to the rapid exhaustion of the coal-fields 
of Great Britain, he just incidentally 
mentioned that in the destructive distil- 
lation of coal for the production of steam 
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an enormous waste was involved. To 
some extent that is correct, but we are 
improving. It is now possible to usefully 
employ for the raising of steam over 
70 per cent. of the heat units in a pound 
of coal, and I think we are in a fair way 
for reaching even 8o per cent., but there 
are obvious reasons why the irreducible 
minimum will be found somewhere near 
an efficiency of 80 per cent. 

Coal in many industries is a most 
important factor in determining the 
price of the finished product. For 
instance, in the paper mill it is said it 
takes so much coal to make one ton of 
paper. In the dye works we are told 
each piece of matérial dyed costs so 
much in fuel, The flour miller aims at 
producing each sack of flour at the 
nunimum expenditure for fuel. The 
brewer, even, is anxious to brew so many 
barrels of beer at the lowest possible 
cost for fuel, and so on. It would be 
a simple matter to multiply these 
examples, but the four representative 
trades mentioned will suffice to show 
that fuel cost is a vital factor in fixing 
the cost of production. 

Therefore it is most astounding that 
so many steam users in this country 
have in the past attached so little 
importance to the question of securing 
the maximum efficiency from the fuel 
they have to purchase in enormous 
quantities at high prices. 

There are a number of large firms in 
this country who have gone most exhaus- 
tively into this question, and they have 
been amply compensated. A number 
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of large and eminent British firms might 
be named who day by day watch most 
carefully to see that each pound of coal 
consumed yields up the maximum of its 
heat units. 

Nothing is taken for granted ; a regular 
system of fuel analysis is instituted, and 
an equally regular and careful analysis 
of the residue. The gases of combus- 
tion are sampled periodically, and tested. 
Temperatures are taken—in short, most 
exhaustive trials are constantly being 
made and logged for reference. 

What is the consequence? Practice 
approximates to theory. Any short- 
coming is at once detected, traced to 
its source, and remedied. Responsibility 
is fixed, from the moment the coal ts 
delivered until it gives up its residue. 

It will be at once said, ‘‘ Yes, this is 
all very well, but it is altogether too 
scientific, too elaborate, most un- 
necessary, and expensive.” This is often 
said by the British steam user imbued 
with a dogged conservatism, but what 
is the case on the Continent and in 
America? ‘There the man in the same 
industry takes an altogether different 
view. Hedoes not scorn the scientific, he 
is full of enterprise. If any innovation 
will tend to cheapen production, then he 
is interested. 

The writer was reminded of this some 
time since, when looking into the sales 
of an instrument for recording any 
excess of air passing through the fires. 
On looking into the matter, I found that 
for every single instrument sold here, 
upwards of forty were sold in Germany, 
Switzerland, and generally all over the 
Continent. 

We much nowadays about 
foreign competition, lost markets, and 
so forth, and yet hundreds of manufac- 
turers in this country will not seriously 
face the question of cheaper production. 

It may be said that fuel is only one 
item: that there is the vexed labour 
question present always; and a rising 
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market for the raw material, maybe; 
also other factors all operating against 
cheaper production. This may be so, but 
surely the mere fact of fuel being only 
one item is no logical reason why it 
should not be considered ? 

Delve into the economics of steam 
production, produce the power at the 
minimum of cost, save all that is to be 
saved there, then the other factors in pro- 
duction can be tackled so much better. 

Waste in these days is a terrible 
mistake. If our largest manufacturers 
find it advisable to face the matter, 1s 
it policy for smaller manufacturers to de- 
spise the methods of their bigger rivals, 
and to sneer at the foreigner, who, toa 
large extent, is enabled to produce his 
wares cheaper because of his enterprise ? 

To drive this home, let us take a 
concrete example. On the Continent a 
large number of tanneries derive the 
whole of their steam power from their 
spent tan. I have in mind one very 
large tannery at Strasburg, where not an 
ounce of fuel is used but spent tan ; but 
be it noted the tan is burned under 
proper conditions, in a specially con- 
structed furnace. 

Compare this with many cases in this 
country, what do we find? For the 
most part tan is not seriously con- 
sidered as a fuel, and, extraordinary to 
relate, in many instances coal is actually 
used to burn the tan. The steam user 
would say, ‘* Nonsense, lam burning coal 
and tan.” Exactly, but the tan would 
not even smoulder without coal to burn 
it under ordinary conditions. There you 
have it exemplified. Such a man would 
waste half a ton of coal per day to burn 
a similar quantity of tan, and would not 
consider a means of saving the coal and 
burning the tan properly. Why should 
he do so? ‘He can burn it without 
your patent, as he has done for twenty 
years past.” What is being done at 
Strasburg and in many parts of the 
Continent might be done here in the 


24 


larger tanneries, if a capable firm was 
consulted. 

Those who have travelled through the 
manufacturing centres of Great Britain 
know that only severe competition will 
wake many out of their astonishing 
lethargy. If only the fittest are to sur- 
vive, much remains to be done yet in 
the economical generation of steam. 

Unfortunately, many of the inventors 
of devices for economical steam genera- 
tion and smoke prevention are men who 
have had little, if any, practical experi- 
ence of that great question which they 
consider they have solved. 

How simple and catchy their solution 
appears on paper, oras a tin model, and 
how its proud possessor chuckles, and 
goes forth to seek his victim, the hapless 
steam user, — [hes more innocent the 
victim, the more easy the inventor’s task. 

For an unadulterated enthusiast, give 
me the gentleman with the tin model 
furnace: it 1s impossible to find his 
equal. If he would only seek out the 
practical steam user, the world might 
know more about him before his inven- 
tion ends in smoke, where it also began. 
But such inventors have a holy horror 
of the practical man, who makes an 
exhaustive test, and has the. chimney 
watched for a few days by the clock, 
and every minute of smoke tabulated. 

This is not the victim, but, instead, the 
smaller steam user, who is not practical, 
and so fora time is deceived. While 
this period lasts, this alleged success is 
used as a decoy for others unwary. A 
little later, emboldened by fancied suc- 
cess, the inventor tackles the man who 
does know, and this is the beginning of 
the end. A few such men, and the 
bubble is burst—the end comes; an end 
which has come to scores during the 
past twenty years. 

When will the steam user cease to 
encourage such misdirected energy, 
which touches his own pocket 2? When 
will he learn to follow the lead of our 
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largest steam users—people who know 
too much to be gulled ? 

The small steam user might wisely do 
as the largest firms are doing. They have 
spent thousands to arrive at correct con- 
clusions. Miles of paper or models would 
not impress them. They have learned 
to see through paper, and can at once 
recognise the practical. Many such firms 
are always ready to give atrial to a real 
practical improvement. If you have no 
facilities for learning the practice of large 
steam users, then be warned. Do not 
purchase any device unless it is offered 
by a firm of experience and reputation, 
and will bear the closest investigation. 


HAND FIRING FIRE-BARS. 


In order to get a reasonable grasp of 
this subject, it will be advisable to con- 
sider each so-called panacea separately ; 
so first of all we will take patent fire- 
bars. It will be obvious that within the 
limits of such‘an article as this, it will 
be impossible to deal with every fire-bar 
introduced. We can but take a few 
representative types. 

It is really extraordinary to find that 
such a very simple part of a steam 
raising plant could have been so con- 
jured with, and offered to the steam 
user in such bewildering variety. The 
productions of the last ten years even in 
patent fire-bars are almost innumerable. 
Some have been fairly extensively 
adopted ; many have had a very short 
existence; while large numbers have 
never got beyond the paper stage. And 
for this the steam user has reason to be 
profoundly thankful. 

Perhaps the fire-bar, apart from the 
ordinary plain bar, which has found 
the most favour has been that of the 
hollow type. At one time it was claimed 
that a bar of this type would prevent 
smoke, largely increase the steam-raising 
capacity of the boiler, or enable small 
cheap fuel to be employed. 

It will be said, ‘‘ This isa large order.” 
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Yes, but it was all claimed persistently ; 
theoretically, it was not possible. Prac- 
tice confirmed this, but the luckless 
steam user was led to believe what he was 
told, only to be quickly disillusioned, and 
to come to the conclusion that patents 
could not help him to economise. 

Here I would say that I make no 
reflection on makers of fire-bars gene- 
rally. The mischief is caused by men 
who are sent out to sell—men who are 
not engineers, and who will promise 
anything to get business. These are the 
men who have done much to stifle enter- 
prise in the steam user, and caused him 
later to look with considerable suspicion 
upon inventions of value. 

The hollow fire-bar, in course of time, 
assumed various forms. One develop- 
ment was the introduction of a hollow 
bar, with a crude steam jet blowing into 
the front end of each bar. This was to 
some extent successful, under favourable 
conditions, in burning such fuels as pea 
anthracite; but a transverse steam pipe 
with some twenty or twenty-five crude 
steam jets, each with an orifice of two 
or even three millimetres, could only be 
expected to use an enormous amount of 
steam, and a quantity utterly out of pro- 
portion to any advantages which might 
be derived from the apparatus. 

This arrangement was never very 
extensively adopted. It could not be. It 
would not effect any improvement in a 
really difficult case. 

Another development was a hollow 
bar with a very large bore. With this 
the buyer was definitely assured of per- 
fect combustion, which, under favour- 
able circumstances, he may have got. 
But the inherent mischief with all patent 
bars has been that most extraordinary 
promises have been given, altogether 
regardless of conditions. 

For instance, what patent bar can 
consume small fuel unless there be 
a good chimney, a sufficient natural 
draught; or what would suffice equally 
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as well, or even better, a good forced or 
artificial draught? To burn success- 
fully small or inferior fuels is a matter 
of draught, and no fire-bar, however 
fearfully or wonderfully constructed, is 
of any good whatever unless an adequate 
draught exists, or be provided. 

Again, if we take the question of 
smoke prevention or increased steam 
production, the position is precisely the 
same. The fire-bar cannot in itself re- 
duce smoke, neither can it materially 
assist evaporation, except the conditions 
be favourable. 

Briefly, a patent fire-bar is dependent 
upon certain favourable conditions. If 
these exist so, well and good. If they 
do not, as is more often the case, then 
the specious promises of the salesman 
are never realised. 

Some may say this is gross exaggera- 
tion, but I could name a number of 
large manufacturers who have spent in 
some instances even as much as thou- 
sands of pounds in trying patents to 
economise and prevent smoke, and they 
are still periodically fined, and they 
much prefer that process rather than 
furtherexperiments. Thisexplains much 
of the scepticism and apathy prevalent 
to-day. 

FIRE, DOURS, 

Another source of such failure and 
disappointinent has been patent fire 
doors. One of the first was a perforated 
door with the baffle at such an angle 
as to deflect the air passing through 
directly on to the fire. If the fire was 
thin, and the chimney draught intelli 
gently regulated, this was useful. If, on 
the other hand, heavy firing was re- 
sorted to, and the chimney draught was 
very sharp and ample, then there was a 
constant danger of having a clean chim- 
ney, at a great sacrifice in efficiency and 
economy. Thus, again, it will be seen 
that a certain combination of favourable 
circumstances was necessary to ensure 
success. 
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Another type of door was the Shutter, 
or Louvre door. Originally the Louvre 
arrangement was controlled by a lever, 
and adjusted at the will of the fire- 
man. Latterly it was automatic in 
action, the shutters being open after a 
charge of fuel was thrown in, and gra- 
dually closing over a period which could 
be regulated according to the quantity 
of fuel fired. This was ingenious, and so 
far a step in the right direction; but in 
both cases that vital factor, draught, was 
ignored entirely, although this alone 
could make or mar the success of the 
door. 

Stupid as it may seem, scores of steam 
users were foolish enough to imagine 
that a door could itself prevent smoke, 
regardless of conditions. When they are 
invited to attend the Court they geta 
rude awakening. 


BRIDGES. 


Here, again, is a stumbling block over 
which many a steam user has come to 
grief. Wehavehad split bridges, hanging 
bridges, perforated bridges, incandescent 
bridges, and many more, all more or 
less alike. Generally speaking, the 
patent bridge has only been put forward 
as a smoke preventer, but that same zf 
already alluded to is the controlling 
factor again. The bridge is so far suc- 
cessful 7f circumstances favour it only. 

In some instances a steam pipe has 
been carried through to a split bridge 
fixed in a boiler flue, working under 
such conditions as make success impos- 
sible. What is the result? Quite as 
much smoke, but less steam. Other 
cases could be cited where a crude form 
of steam jet blower has been fixed in 
the bridge, delivering a volume of air 
against the crown of the flue vertically, 
to some extent minimising smoke, but 
at the same time spoiling the draught. 

It will be seen that each so-called 
panacea so far mentioned has a com- 
mon weakness. They are all entirely 
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dependent upon circumstances which 
may or may not exist. 


ROCKING FIRE-BARS. 


This was a development from which 
much was hoped, and accordingly pro- 
mised, but they have never been very 
extensively adopted. The usual method 
of rocking the grate was by means of 
one or more hand levers. 

The main advantage of the bar was 
to break up the fuel and cause the finer 
particles to riddle through into the ash- 
pit. So far this was very effective, but 
having to provide a good air space, 
unfortunately unconsumed fuel also 
passed through. 

Further, with a poor draught, and the 
periodical movement neglected, trouble 
soon ensued. The barsfusedandjammed, 
becoming immovable and useless. 

The rocking bar, like others already 
mentioned, was only proportionately 
useful as circumstances were favour- 
able, and therefore caused much dis- 
appointment and trouble; and its failure 
in places where it should never have 
been sold seriously militated against its 
adoption in suitable cases. 


ARTIFICIAL DRAUGELES 


When artificial draught was first in- 
troduced, considerable prejudice was 
encountered, owing, ina large degree, to 
ignorance, and also in a measure to the 
bitter experience of many steam users 
with the previously described appliances. 

Success constantly demonstrated, 
however, has gradually broken down 
scepticism and prejudice, and I am well 
within the mark when I say that since 
the day of Watt no boiler appliance 
has found nearly so much favour as 
forced draught. 

Of course there have been failures, 
but invariably it has been owing to 
either a crude or badly designed 
apparatus, purchased because it was 
cheap, or, onthe other hand, extravagant 
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promises have been made quite im- 
possible of fulfilment. 

An ancient Eastern maxim runs 
something like this: ‘To get at the 
real root of failure, you must be critical.” 
As far asin my power lies, I want to 
make clear to the steam user where he 
has gone wrong, what he must avoid. 
That involves some critical remarks, for 
which | make no apology. 

One of the most serious stumbling 
blocks has been cheapness. The steam 
user has a certain result in view, and he 
is credulous enough to think that a 
cheap arrangement is quite as effective 
a5 an expensive one, if there is any 
similarity on paper. 

There are obvious reasons why an 
apparatus which has to be placed near 
intense heat should be constructed to 
withstand the heat. It should be com- 
plete. If you decide to adopt forced 
draught, it is advisable to have a com- 
plete job, or none at all. 

by a complete job I mean new 
furnace fronts specially designed for the 
work, ashpit fronts to fit perfectly air- 
tight, suitable fire-bars, blowers of 
approved make, designed to do specific 
work. Such a job is cheap for what 
there is in it, although it may cost 
twice as much as a bit, or part of a 
furnace. There are a number of part 
furnaces on the market at present. 
Some consist ofa sheet iron ashpit plate 
and two pipes fixed horizontally under 
the grate. These are called blowers, but 
are really nothing of the kind. 

There is more in a blower than many 
imagine. A blower is not merely a pipe 
shaped more or less hike a trumpet; a 
blower must assume a definite shape, 
and it must be made to do definite work 
—that is, it should deliver a given 
volume of air with a given consumption 
of steam. The greatest quantity of air 
delivered for the least steam consump- 
tion fixes the efficiency of the blower. 

Pipes called blowers are used, the 
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capacity of which for air delivery is an 
unknown quantity; hkewise the steam 
jet consumption is similarly prob- 
lematical. This, however, is known, 
that the quantity of steam used is alto- 
gether prohibitive, and is often four or 
five times as much as that of a properly 
designed blower. 

Thus what the unwary steam user 
may seek to save in the initial cost is 
paid forhour by hour in steam—+.e., coal. 
That is not all. No steam jet blower 
should be used unless the steam is super- 
heated. This very necessary provision, 
the superheating of steam, is of immense 
importance; but it 1s not a feature of the 
part furnace. 

Again, with the part furnace there is 
no provision for the prevention of smoke. 
It is manifestly absurd to say that the 
blower will prevent smoke; very often 
it will tend to make the smoke trouble 
far worse than under ordinary conditions. 

The part furnace is often applied to 
existing fire-bars—another palpable 
error. It is useless to expect good work 
from a forced draught when fire-bars 
with an air space suitable for the 
chimney draught are retained. 

Work of this kind should be given to 
the experienced engineers of reputation, 
specialists in furnace work. Until this 
is recognised there will be failure and 
annoyance. 

One curious development of the forced 
draught furnace has been a furnace with- 
out fire-bars, if I may so call it, the fuel 
being fed directly into the furnace tube, 
two or three perforated sectional pipes 
being placed immediately upon the 
bottom of the furnace tube. A steam 
jet blows into each pipe, inducing a 
current of air. 

Heavy fires are carried up to a thick- 
ness of, say eighteen inches. It is claimed 
that the absence of fire-bars is a great 
advantage, but this is exceedingly doubt- 
ful. Great trouble is experienced in 
cleaning the fires, which is a laborious 
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and lengthy job, occupying fully fifteen 
to twenty minutes. 

The absence of air space gives no 
plenum under the fire, and fresh fuel is 
constantly fed into a vitrefying, clinker- 
ing mass. Again, there is no provision 
for smoke prevention at all. 

Given the very best forced draught 
furnace ever invented, nothing but an 
intelligent- handling of the same will 
ensure the best possible results in 
efficient steam raising. Let us for one 
moment look at the average fireman, 
and watch his methods. He throws on 
a heavy charge of fuel, opens the valve, 
and puts on full pressure, which is main- 
tained until afresh charge is required, and 
then the same process is again repeated. 

The stupidity of this method will be 
apparent to the merest tyro. A heavy 
charge of fuel requires sufficient air, but 
as the carbon is burned—as the combus- 
tion is comp!eted—the fire is reduced in 
bulk, body, and resistance, and far less air 
is necessary. The intelligent man would 
reduce his air supply gradually and con- 
currently with the condition of the fire. 

But the fact remains that, as a general 
rule, this is not done. Fires are heavily 
charged and allowed to burn down very 
low before being again charged, and so 
at the time when air should be supplied 
in decreasing quantity, it is supplied in 
increasing and excessive quantity. 

Artificial draught, which, inits simplest 
form, is represented by the steam jet 
blower, has made rapid strides in this 
country, and it behoves the steam user 
to look carefully into the question ere 
he decides to spend. It is not my busi- 
ness to give a gratuitous advertisement 
to any maker, but it is my duty to warn 
the steam user against appliances which 
are wrong in principle, and which will 
only cause vexation and annoyance. 


Engineering Times, 


If your dynamo or high-speed engine 
should break down, you would not call 
in the blacksmith ; that is preposterous. 
Then why would you hand over your 
steam boiler to people who are no better 
qualified to improve it than the black- 
smith is to improve your engine ? 

Thisis not overdrawn inany sense, but 
actually represents what has been done: 
by many. Parts of furnaces have been 
fitted which have simply failed to pro- 
duce as much steam as could be ob- 
tained from the same boiler by chimney 
draught. 

Then the user condemns forced 
draught, and would not think of apply- 
ing it again. He forgets that what he 
has tried is not forced draught, but 
what might be more truthfully termed 
false draught. 

The addition of forced draught to a 
boiler is too serious a matter to be given 
to’ the inexperienced.  2vengiasmyou 
know, it is policy to insure your boiler ; 
so make no error, it is equally politic to 
countenance no forced draught furnace, 
but a complete and substantial job in 
every respect. And, further, employ no: 
furnace of the kind unless superheated 
steam is used for the blowers. 

The fire-bars, also, must be suitable, 
and part of the furnace. Do not believe: 
that an apparatus worked without any 
fire-bars at all, will serve you. There are 
serious disadvantages in working fires 
without a proper grate surface. 

Having now dealt with many of the 
arrangements, practical and otherwise, 
which have been adopted more or less 
by steam users with a view to economy 
and smoke prevention with hand firing, 
we will now look into the question of 
machine firing. 


(To be continued.) 


THE CONDITION 


OF WATER AND POWER 


DEVELOPMENT IN SOUTHERN CALIFORNIA.* 
By L. K. SHERMAN, M.W.S.E. 


—_—_—_—_ 


OUTHERN California has experi- 
5) enced an unprecedented period 
of drought. The mean annual 
rainfall, in the valleys of the Santa Ana 
and San Gabriel, isabout r8in. During 
the past three years the annual rainfall 
has been only 5 in. to 8 in. 

In the writer’s recent visit, this country 
was seen in its least favoured condition. 
Irrigation is the great necessity. With 
water, this perfect climate and fertile 
soil bears a luxuriant growth of almost 
all the products of the temperate and 
tropical zones. Without water, intheeyes 
of a tenderfoot, the country is a desert. 

The construction of irrigation systems 
and water-power plant has been carried 
to an extent so as to utilize almost all 
of the dry weather run-off. The storage 
systems have not been so completely 
developed, but there are several large 
reservoirs—the Hemet, Sweetwater and 
Bear Valley reservoirs, with masonry 
dams; the Cuyamanca, of earth, and 
the San Fernando submerged dam. 
There are several projects, proposed 
and under way, for dam construction, 
especially in the line of submerged dams 
for intercepting sub-surface streams. 

The development of land is synony- 
mous with the storage and distribution 
Olwalctomewelarve part of the land 
under -cultivation was made available 
by the numerous land and irrigation 
companies. The amount of water 
necessary for irrigation varies greatly 
according to the kind of crep, soil and 
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amount of rainfall. All measurements 
of water are in California miner’s inches 
(50 miner’s inches equal one second 
foot). One inch of water, on an average, 
will irrigate eight or ten acres. The 
duty of water in Southern California 
is larger than elsewhere, as the scarcity 
of water has compelled careful and 
economical methods in irrigation. 

The value of irrigated land runs from 
$40 to $150 per acre. Water is some- 
times included with sale of land, and 
again is sold separately. In the latter 
case, the annual charge is about $15.00 
per miner’s inch, or say $1.50 to $2.00 
per acre irrigated. 

The companies operating water-power 
plants for electric transmission are 
generally separate concerns from the 
irrigation companies. The power com- 
panies are compelled to utilize the 
natural flow of the stream, so as not to 
interfere with irrigation rights. Water 
rights are jealously guarded, and are 
a cause of frequent litigation. 

The practice in power development 
and irrigation head works can be illus- 
trated by a description of some of the 
typical plantsin operation. The power 
house of the San Gabriel Electric Co. 
is located near Azusa, at the foot 
of the San Gabriel mountains. From 
it come the weirs for distributing the 
water, after it has left the wheels, to the 
flumes and ditches, of various irrigators. 
The electrical equipment consists of 
four 300 K.W. Westinghouse genera- 
tors. The current from the machine, at 
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500 volts, passes through transformers, 
and is conducted, at a line voltage of 
15,000, to Los Angeles, distant 23 miles. 
Here the sub-station receives the current 
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the demand for current exceeds the 
available water power. Oil is used for 
fuel under the boilers. This is general 
practice, and will be considered later on. 


FIG. I.—VIEW OF PLACER MINING FLUME. 


in step-down transformers and, four 
rotary converters, and delivers the 
current for local power and lighting. In 
connection with the sub-station is an 
auxiliary steam plant, which is used as 


Mr. A..C. Balch, engineer of the San 
Gabriel Co., is prominent in the develop- 
ment of electric power transmission in 
the west. 

The hydraulic equipment consists of 
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four sets of Tutthill wheels, two wheels 
being placedon the same shaft with each 
generator. The wheels are of the im- 
pulse type, and receive the jet of water 
on buckets, placed alternately right and 
left on the rim of the wheel, and inclined 
a little outward. The jet of water is not 
split during the interval it acts on a 
bucket. The wheels are controlled by 
Tutthill and Lombard governors. The 
governor moves a blade which cuts the 
jet at the discharge nozzle and reduces 
the flow. 

The general method of conducting 
water to the wheel in nearly all the 
power plants is as follows: The line 
consists of two parts. First, 
the flume which leads the water 
from its source in the mountain 
stream, spring or reservoir in 
the upper part of the canon. 
This part of the line is on an 
easy grade, from 5 ft. to 25 ft. 
per mile. It follows closely 
the contour lines on the side 
of the mountain and delivers 
the water in a small forebay, 
300 ft. to 1,000 ft. above the 
power house at the mouth of the 
canon. Second, the penstock,a 
riveted steel pipe which conducts 
the water from the forebay to 
the wheels, down the hill at an 
angle of perhaps 45 degrees. 

The economical location of a line for 
water power development offers prob- 
lems that are not excelled in the most 
difficult railroad work. 

The types of construction used for the 
hydraulic line are: 

I. Open wood box flume. 

2. Wood or steel pipe. 

acluuiidels 

In practice, combinations are used in 
the same line, as best suits conditions. 

The accompanying views of flumes 
and pipe lines are not all taken in 
Southern California, but are given as 


they illustrate typical construction 


throughout the west. Fig. 1 isa view 
of a placer mining flume now in con- 
struction at Twin Lakes, Colo. Fig. 2 
is a wood stave pipe carrying water for 
irrigation near Redlands, California. 

The cost of the hydraulic line will be 
given for a few actual cases. However, 
these figures by themselves do not mean 
much, as numerous local conditions 
must be taken into account : 


Cost of tunnel in San Bernar- 


cdingeMiss.s Dy77 fist. te a: $8.00 per foot. 
Cost of tunnel in San Gabriel 
IMLIS Se ya Os 1 hee arene: esas 3.50 per cub. yd. 


Cost of 48 in. wood pipe near 
REClaNdS? Galea apices evank 
Cost of 6 ft. diameter wood 


pipe 


2.08 per foot. 
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6.00 per fcot. 


FIG. 2.—WOOD STAVE PIPE CARRYING WATER, 


Uijewsname wate - wine Icakes, Colo. 
( Hift £1) se cost =20sCemts @ per. foot. for, 
carpenter work, including posts cut on 
ground. ‘The total cost of the hydraulic 
line at Ogden, Utah, was about $700,000. 
There are 64 miles of wood pipe, 6 ft.in 
diameter, and about 1 mile of 6 ft. 
diameter steel pipe. 

cum aime rabticiam Itlectric (Cons 
hydraulic line conducts the water in wood 
stave pipe and cement-lined tunnels. 
Uesavyerasewcrade is 5 ft. per mile. 
Water is delivered to the wheels, pre- 
viously described, under a head of 390 ft. 
through a 36 in. riveted steel penstock. 


In Southern California one enters the 
canons from a plane, from which the 
mountains rise quite abruptly. There 
is no evidence of water but the past 
action in the river bed. ‘The floor of the 
canon is a hot, dry waste of sand and 
boulders, with no sign of vegetation, 
except coarse brush and cactus. But 
as one travels four or five miles further 
up, he will come across a thick growth 
of willows and sycamores, from which a 
small stream of water trickles, but it is 
soon lost as it sinks into the gravel. 
The somewhat paradoxical condition of 


FIG. 3.—VIEW SHOWING ENTRANCE TO TUNNEL AT THE HEAD GATES. 


a stream increasing in size as it nears 
its source appears. 

Submerged dams are built across the 
canon to intercept this sub-surface flow, 
to store it and raise the water to a higher 
level. A submerged dam is now being 
built by Mr. A. P. Newman, chief engi- 
neer for the San Gabriel Co. The trench 
is 6 ft. wide, excavated through gravel 
by sheet piling. The depth to bed rock 
is from thirty to sixty feet. After com- 
pletion of excavation the dam is to be 
made by filling the trench with concrete. 
The pit is pumped by electric current 
from the power station. 
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The Southern California Power Co. 
holds the world’s record for long distance 
electric transmission and high voltage. 
The power house is located in the canon 
of the Santa Ana river, near Redlands, 
Cal. There are four 750 K.W. General 
Electric Co. generators, each operated 
by a direct’ connected Pelton water 
wheel under 735 ft. head. Originally, 
an air chamber was attached to the 
penstock for an equalizer, but this has 
been abandoned. The pulsations set 
up by the compressed air added to, 
instead of remedying, the trouble. A 
deflecting nozzle is used, 
operated by a Lombard 
governor. This moves the 
nozzle, throwing the jet of 
water more or less on to 
the wheel as_ required. 
Power is transmitted to 
Los Angeles, a distance of 
83 miles, at the high voltage 
of 33,000. The engineer, 
Mr. Pearson, informs us 
that they have had little 
trouble with the line, and 
thatit is perfectly successful 
even in rainy weather. 
Both the San Gabriel and 
Southern California plants 
represent the latest and 
best engineering in elec- 
trical transmission. They 
are in a successful condition financially. 
The hydraulic line is about three miles 
long. Itis almost entirely tunnel work. 
There is one section of wood flume, but 
itis proposed to replace this with tunnel 
to avoid falling rocks and land slides, a 
trouble that is of common occurrence 


on all the mountain side flumes. Fig. 3 
shows the entrance to tunnel at the 
head gates. 

At the time of the writer’s visit 


August, 1900, the electric plant at 
Sonora had just shut down, and both 
the San Gabriel and Southern California 
water plants were running at one-fourth 


Water and Power Development in Southern California, 535: 


capacity, due to lack of water. The 
auxiliary steam plants were run to make 
up the deficiency. 

A proposed dam for a storage reser- 
voir, at the junction of the Santa Ana 
and Bear Creek forms the outlet of the 
Bear Valley reservoir, which is fifteen 
miles above. The reservoir is reached 
by a drive over the San Bernardino 
mountains. The scenery on the road is 
grand. ‘The trail, however, is as steep 
as a team can hold on to, and in passing 
it is sometimes necessary to unhitch, or 
to even take a waggon apart and carry 
it. The dam which makes the Bear 
Valley reservoir is well known, as its 
stability depends almost entirely on its 
action asa masonry arch. The boldness 
of its design is somewhat startling. It 
is four feet thick on top, and has a very 
little batter on the up stream side. The 
reservoir was entirely empty. This does 
not mean that it is a failure or has not 
served a useful purpose. 

Recently, on account of the lack of 
water in many of the mountain streams 
and reservoirs, irrigation from artesian 
wells has been resorted to. Artesian 
wells have proved very successful. They 
are sunk from 200 ft. to 400 ft. Some- 
times there is a surface flow, but generally 
pumping over a small lift is needed 
to raise the water to the irrigating 
ditches. 

Gas engines with centrifugal pumps 


areused. They are verycommon. The 
“bark” of the gas engine can be heard 
now on almost any ranch in Southern 
California. There are many types and 
arrangements of gas engines. One out- 
fit, placed on a sprinkling cart of a 
suburban road, consisted of a small gas 
engine and rotary pump. The outfit 
did not weigh over 200 lb., and filled 
the cart from irrigation wells. 

The fuel used in gas engines is dis- 
tillate, a product from the California oil 
wells that corresponds somewhat to 
gasoline. Distillate costs 8 cents or 
g cents per gallon. Coal is almost un- 
known. Crude oil is used under the 
steam boilers. Its cost for power is 
equal to coal at about $5.50 per ton. 

Water pumped from wells is not quite 
as cheap as water furnished by the irriga- 
tion companies, when the latter can be 
secured. But pumping may be con- 
sidered as a dry period auxiliary to 
irrigation, just as the steam engine is 
to water power. The great success of 
artesian wells has proved a salvation. 
I have not disguised the fact that water 
is expensive and difficult to secure. I 
wish to say, however, that although 
there has been no rain since last April, 
there are few places where the orchards 
show any of the effects of drought, and 
the cities of Southern California present 
an appearance of permanent and sub- 
stantial growth. 


NOTES ON ENGLISH AND FRENCH COMPOUND 
EOCOMORIVES: 


By CHARLES ROUS-MARTEN. 


(Continued from p. 542, Vol. IV.) 


HIS twas not tie. ‘case and 
accordingly the engine, after a 
somewhat lengthened trial, was 

decisively condemned, and was _ con- 
verted into the four-cylinder compound 
PalUpuee se 

An additional novelty in the design 
of this class consisted in placing under 
the leading end what would be known 
on other lines as a four-wheel bogie, but 
which on the London and _ North- 
Western is entitled a double radial 
truck, the absence of a pivot being 
apparently deemed sufficient to deprive 
it of any right to the designation of 
bogie. As the term bogie has always 
been understood to apply to the truck 
upon which the leading or trailing end, 
or both, of an engine or vehicle is 
carried, without reference to the means 
by which it accommodates itself to a 
curve, whether by pivot or sliding 
action, or otherwise, the difference is 
one not quite easy to understand. How- 
ever, the point is not necessarily ger- 
mane to the specific subject of the 
present paper, and need not be pursued 
further on this occasion. 

As to the capabilities of Mr. Webb’s 
four-cylinder compounds, the author, in 
view of his own experience, finds it 
impossible to entertain any doubt what- 
ever. His first trip behind one of them 
definitely settled that point. ‘Black 
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Prince,” the pioneer of the type, took 
up the Scottish day express from Rugby 
to Willesden, 77 miles, in 83 minutes 
39 seconds from start to stop, and in 
doing so did not run at a higher speed 
than 65 miles an hour down falling 
gradients, or at a lower rate than 50 
miles an hour up the long banks of 1 
in 330. The load, exclusive of engine 
and tender, was 244 tons, or equivalent 
to twenty-four south of England coaches. 
Such a performance alone would suffice 
to place the hall mark of success on the 
new engines, and the run was made in 
the ordinary course without the slightest 
knowledge or suspicion on the driver’s 
part that his work was being carefully 
noted. Asa matter of fact, the engine 
evidently ran quite at its ease through- 
out, and could have arrived several 
minutes earlier had the train not been 
already in advance of booked time. 

A second experience consisted in the 
well-known trip of the Members of the 
Institution of Civil Engineers to Crewe, 
when the “ Iron Duke,” the third built 
of the class, took a load of 339 tons 
behind the tender, from Euston to 
Crewe, 158 miles, in 3 hours 10 minutes, 
in spite of signals and relaying delays 
amounting in all to 6 minutes, while the 
speed was maintained at 41, 45, and 
occasionally 48 miles an hour up 
gradients of 1 in 330 to I in 550, and 
never exceeded 72 miles an hour down 
the 11-mile descent approaching Crewe. 
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But perhaps the most noteworthy feature 
of this run was the ease and certainty 
with which the four-cylinder compound 
attacked and climbed the rise of 1 in 
70, which is encountered shortly after 
leaving Euston. Many of the passengers 
stretched their heads out of the windows 
and looked backward with keen curiosity 
to see whether any assistance was given 
in the rear of the train, but nothing of 
the sort occurred. The engine simply 
went straight up the bank of 1 in 7o, 
hauling 339 tons, without the slightest 
hesitation or difficulty. It is impossible 
honestly to ignore the conclusiveness 
of such an illustration of the locomotive’s 
capacity. 

The return journey with the. identical 
load was in some respects still more 
remarkable. The engine had to face at 
starting the Madeley bank 11 miles long, 
Siniles being at 1in 177 and 4°at I in 
Qsoythestest, Fin 330. , Up this bank 
with 339 tons behind the tender, the 
“Tron Duke” steadily maintained an 
average rate of 37°5 miles an hour, 
while up the later rise of 1 in 350 for 
6 miles approaching Tring, the speed 
did not fall below 47 miles an hour; 
and on the falling grades it was never 
permitted to exceed 65 miles an hour, 
or even better time could have been 
made. As it was, the long distance of 
1524 miles without stop from Crewe to 
Willesden was covered with that im- 
mense load in 2 hours 53 minutes, or 
at the average speed of 52°8 miles an 
hour. All the observations were made 
by the author personally. 

It has always appeared to the author 
that such performances as these must 
be deemed affirmatively conclusive as to 
the capacity of the engine, and that no 
subsequent failure, if such should occa- 
sionally occur, asit does with every type 
of locomotive, can be taken into account 
as against the testimony of such splendid 
work performed under the observation 
of a crowd of capable judges and 


independent witnesses. Is is not his 
intention to convey the idea that he 
regards the type as ideally perfect, for 
that is by no means his view. While 
cordially recognising all that is admir- 
able in the design, he does not shrink 
from stating that there are several points 
which do not commend themselves to 
his judgment. Among these are the 
comparative smallness of the boiler, and 
the plan of connecting all the four 
cylinders with a single driving axle, 
which, therefore, has to undergo all the 
drawbacks incidental to a doubly- 
cranked axle—viz., its inherent weak- 
ness as a column or girder—and to 
straight axles driven from each end, 
which, according to the late Mr. 
Stroudley, suffer from the torsional 
effect of alternately twisting and untwist- 
ing a fibrous. structure. But while 
theoretical exception may be taken to 
these features in Mr. Webb’s design, 
the practical result as tested by per- 
formance is, in the author’s experience, 
unquestionabie success. 

Much space has been devoted to the 
consideration of Mr. Webb’s various 
types of compound express engines, 
because they are virtually the only 
representatives in England of the com- 
pound system as applied to locomotives. 
That is to say, they are extant as 
standard classes employed in regular 
express duty, and their latest type is 
rapidly being multiplied by the most 
important railway of Great Britain. The 
fact is in itself sufficient justification. 

It will be convenient now to turn to 
the other system of compounding which 
has been in this country the chief rival 
of Mr. Webb’s method, and which at 
one time threatened to compete closely 
with it for the favour of the railway 
world. 

In the year 1884, Mr. T. W. Worsdell, 
then chief Mechanical Engineer of the 
Great Eastern Railway, constructed a 
two-cylinder compound express engine 
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on the system in which his name is now 
associated with that of Herr von Borries. 
In taking this new departure, Mr. 
Worsdell pursued a course diametrically 
opposite to that of Mr. Webb. That is 
to say, he did not seek to initiate any 
striking novelty, but endeavoured to 
utilise and develop an idea which had 
been mooted on the same railway so 
long ago as the year 1847. In conver- 
sation with the author, Mr. Worsdell 
expressly disclaimed any wish to be 
accredited with the novelty, and declared 
he was simply expanding an old idea. 
He also pointed out to the author that 
his pioneer engine of the new type was 
absolutely identical with his standard 
express class on the Great Eastern, 
except that one of the 18 in. high-pres- 
sure cylinders was replaced by a 26 in. 
low-pressure cylinder, both being kept 
inside the frames, while the steam from 
the former was transmitted to the latter 
instead of being exhausted into the 
outer air—in short, the compound 
principle was adopted. 

One consequential difference from the 
standard type involved by the use of a 
26 in. inside cylinder, was that a four- 
wheeled leading bogie had to be sub- 
stituted for the single pair of radiating 
wheels which carried the leading end of 
the non-compound locomotive. Placed 
side by side, both cylinders drove the 
same crank axle. The valve-chests 
were placed in the smokebox, above the 
cylinders. Steam could be admitted 
direct into the low-pressure at starting 
by means of an intercepting valve, so 
that bothcylinders temporarily possessed 
starting power, while after a stroke or 
two of the piston the valves were forced 
automatically by the exhaust steam into 
their normal position, and. compound- 
working proceeded thenceforward. The 
results given in practice by the first 
engine were deemed so satisfactory that 
ten more were built. The author made 
several trips on and behind these 
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engines in the years 1884 and 1885, and 
his experiences were distinctly favour- 
able. ‘The pioneer engine; SNow230; 
hauled heavy loads at a good speed up 
such grades as the Brentwood bank of 
I in 84 and 1 in 93, and ran with ease 
and swiftness on the level and downhill 
portions of the line. 

But it appeared to the author in this 
case, as it did in that of Mr. Webb’s 
earliest compounds, that the engines 
were seriously hampered by the limita- 
tion of their steam pressure to 160 lb., a 
pressure at which he cannot believe that 
compounding can be profitably practised 
in express work. Also, notwithstanding 
the fact that many engines of the 
Worsdell-von-Borries type are at work 
on the Continent, he cannot approve 
the lopsided arrangement involved in 
having a small high-pressure cylinder on 
one side of the engine and a huge low- 
pressure cylinder on the other. He is 
convinced that practically this involves 
some degree of unequal balance and 
working, nor is this opinion shaken by 
any theoretical demonstration, however 
apparently clear, that the two sides are 
perfectly equilibrated. This may be the 
case sometimes, as when an engine is 
freshly out of the shops, but after a 
while, or at occasional times, an 
inequality of pull and power is likely to 
manifest itself between the two sides, 
and the boxing action ensues if only to 
a slight extent. An absolute balance, 
and, so far as possible, identity between 
the two sides of a high-speed locomotive 
are, in his opinion, essential factors of 
perfect stability. 

The Great Eastern compounds did 
not enjoy a long career, for their author 
migrated to the North-Eastern Railway 
the year after he brought out the first 
of their number, and his successor on 
the Great Eastern, Mr. James Holden, 
after a series of careful experiments, 
decided on the conversion of all the 
eleven compounds into non-compounds. 
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As thus converted they are still running 
and doing good service. 

On establishing himself at Gateshead, 
Mr. Worsdell at once proceeded to build 
a number of engines on his compounding 
system for the North-Eastern Railway. 
Many of these were for goods traffic— 
but this should be treated as a separate 
branch of the subject. The compound 
express engines closely resembled those 
he had designed for the Great Eastern, 
but had larger boilers and smaller 
coupled wheels, viz., 6 ft. 8 in. diameter 
instead of 7 ft., while in some cases the 
leading bogie was dispensed with anda 
radial axle substituted. These engines, 
although no longer employed on the 
most important express duty, have done 
much good service, and still do so on 
occasion. ‘They are sluggish starters, 
but have large haulage capacity, and 
can often develop great speed. 

Mr. Worsdell then proceeded to con- 
struct ten single-driver engines with 
identical cylinder dimensions, but with 
7 ft. wheels. These, too, performed 
very efficiently. The author has known 
one of them maintain a speed of 30 miles 
an hour up the gradient of I in I00 
approaching the Bramhope tunnel, with 
a load of sixteen coaches, or approxi- 
mately 1go tons, and attain 79 miles an 
hour with the same load down a falling 
grade. But both of these types were 
soon overtaken and mastered by the 
rapidly augmenting train loads, and a 
more powerful class had to be produced. 

Still adhering to the compounding 
principle and the single-wheeler type, 
Mr. Worsdell next brought out ten 
remarkably fine engines with two inside 
cylinders of the colossal dimensions of 
20 by 24 and 28 by 24 respectively ; 
driving wheels 7 ft. 6 in. in diameter, 
and boiler pressed to 200 Ib. per square 
inch, 175 lb., however, being used in 
ordinary practice. Those engines proved 
remarkably efficient, hauling very heavy 
loads and attaining very high speeds, a 


rate of 85°7 miles an hour having been 
noted by the author, while he has seen 
time kept on the Anglo-Scottish express 
between York and Newcastle with loads 
exceeding 270 tons behind the tender. 

It is probable that they would have 
continued to form the standard express 
type on the North-Eastern but for one 
unfortunate drawback. The immense 
bulk of the low-pressure cylinders left 
no space inside the frames for the valve 
chests. These, consequently, had to be 
placed outside, and so were exposed to 
extreme variations of temperature, with 
the consequence that they had a ten- 
dency to crack in frosty weather. This 
defect rendered it necessary to rebuild 
the engines, and as no convenient 
method suggested itself of overcoming 
the difficulty, all were converted into 
non-compounds by the designer’s brother 
and successor, Mr. Wilson Worsdell, 
with 19 by 24 cylinders and valve chests 
inside the frame. Some of the coupled 
class were also converted, one being a 
very large coupled engine with 7 ft. 
wheels, which was built by Mr. Wilson 
Worsdell to be identical with a new 
standard express class, save in having 
his brother’s system of compounding. 
In this case, however, the conversion 
was not into a non-compound type, but 
into a new design of three cylinder com- 
pound which will be referred to more 
fully later. 

It will thus be noticed that the 
W orsdell-von-Borries system has passed 
out of date on the North-Eastern as on 
the Great Eastern, its exponent engines 
being simply relics of a virtually extinct 
method, never intended to be revived 
in regular practice. It may, therefore, 
be fairly said that the system has 
been definitely abandoned on both those 
railways. 

At this stage, instead of pausing to 
consider the various plans of compound- 
ing which have been experimentally 
and sporadically tried in Great Britain 
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during the past fifteen years, it will be 
more convenient to turn to the system 
which, although designed by an English- 
man, has found practically universal 
adoption in France, as well as extensive 
acceptance in Switzerland and Germany. 

So long agoas the year 1885, Monsieur 
A. de Glehn, Directeur-General of the 
Société Alsacienne des Constructions 
Mécaniques, who is an Englishman by 
birth, designed a four-cylinder system 
of compounding for locomotives. It 
was first applied to an express engine, 
No. 7o1, belonging to the Chemin de 
Fer du Nord, or Northern Railway of 
France. That had four 6 ft. Io in. 
driving wheels, which were not coupled 
but were worked independently by two 
13 in. high-pressure cylinders placed 
inside, and two 18 in. low-pressure 
cylinders placed outside the frames, 
the high-pressure cylinders driving the 
trailing wheels, and the low-pressure 
cylinders the middle pair of wheels. 
This experiment proved so successful 
in five years’ trial that no fewer than 
SIx successive series of express engines 
compounded on Monsieur de Glehn’s 
principle, were designed by Monsieur 
du Bousquet, the Chief Mechanical 
Engineer to that railway, between the 
years 1890 and 1898, the difference 
between each series and its successor 
consisting mainly in the continuous 
development of power. It is needless 
to describe in detail each advance in the 
design and construction of the admirable 
engines which have now become the 
standard type on every main line in 
France, a fact no less significant than 
remarkable, especially seeing that it is 
wholly ignored in Great Britain, the 
country of its inventor. 

The locomotives constructed on the de 
Glehn system of compounding, although 
differing among themselves in details of 
design according to the various idio- 
syncrasies of the respective engineers-in- 
chief, may be roughly classified in two 
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main divisions. In one the engines 
have four coupled driving wheels 6 ft. 
6 in. to 7 ft. in diameter; in the other 
there are six coupled wheels 5 ft. 6 in. to 
5 ft. g in. in diameter. In each case the 
engine has a leading four-wheeled bogie, 
two high-pressure cylinders placed out- 
side and driving thesecond pair of coupled 
wheels, two low-pressure cylinders placed 
inside which drive the front coupled 
wheels; very large boilers with Serve 
tubes and large firebox of the Belpaire 
type 

It will be convenient to take the latest 
type in each class on the Chemin de Fer 
du Nord as illustrations of the general 


principle of the design and of the methods - 


adopted. Prior to the construction in 
the current year of the new ten-wheeled 
type of express compounds for the 
Paris Exhibition—one to be on show at 
Vincennes and the other to work on the 
line—all the standard eight-wheeled 
type on the Northern Railway, fifty 
in number, had 134 in. high-pressure 
cylinders, 21 in. low-pressure cylinders, 
25} 1n. piston stroke, and 7 ft. driving 
wheels with new tyres. In these respects 
all arealike. The gradual changes have 
been in the development of boiler power. 
Thus the total heating surface which was 
1,671 sq. ft. in Nos. 2.121 to 2.157, was 
enlarged to 1,892 sq. ft. in the subsequent 
batches, and the steam pressure which 
was 199 lb. per square inch in Nos. 2.121 
to 2.137, was increased to 213 lb. in Nos. 
2.138 to 2.180, and the grate area was 
simultaneously expanded from 21 to 28 
sq. ft., while the weight in working order 
grew from 47 to 52 tons. The de Glehn 
compounds constructed for the other 
French main lines differ only in minor 
dimensions. Those on the Chemin de 
Fer de l’Etat are practically identical. 
Those on the Orleans line, twenty-five 
in number, have slightly smaller driving 
wheels, 6 ft. Io in., and slightly larger 
cylinders, viz., 13? in. high-pressure and 
214 in. low-pressure ; they also have the 
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Tenbrinck heater in the firebox. Those 
of the Midi have the same sized wheels 
as the Nord engines, but larger cylinders, 
like those of the Orleans line. 

The Est compounds have smaller 
wheels than any of the foregoing, viz., 
6 {t. 8in., but have cylinders the same 
sze as those of the Orleans and Midi 
engines, also larger boilers with 1,988 
sq. ft. of heating surface and higher 
steam pressure, viz., 228 lb., which, 
however, has been reduced since delivery 
to the usual standard of 213 lb. The 
Ouest compounds are somewhat smaller 
and have 6 ft. 7 in. wheels; 1,440 sq. ft. 
of heating surface and 1gg lb. steam 
pressure, but the same sized cylinders 
as the Nord engines. The Paris-Lyon- 
Mediterranée line adopted the de Glehn 
compound system in 18g1, and has 
steadily increased the dimensions as in 
the case of the Nord line, the cylinders, 
however, remaining always the same, 
viz., 134 in. high-pressure and 244 in. 
low-pressure, with 244 in. piston stroke, 
while the coupled wheels have always 
been 6 ft. 62 in. in diameter. But the 
heating surface has been enlarged from 
1,594 sq. ft. in the earlier engines of the 
years 1891-93 (43 in number) to no 
less than 2,040 sq. ft. in the latest type, 
which came out two years ago and 
number as many as ninety. 

One peculiarity possessed by these 
Paris-Lyon- Mediterranée locomotives 
is, in the author’s opinion, the reverse 
of advantageous. They all have the 
wind-cutter fronts which some engineers 
so strangely believe to decrease the 
atmospheric resistance encountered, 
Thus not merely is the smokebox 
front extended in a beak-shape, but the 
chimney front also is provided with an 
angular wind-cutter and so are the steam- 
dome, sandbox, and cab. ‘That the 
resistance of a wind dead ahead, or of 
the still atmosphere in calm weather is 
to some trifling extent mitigated by this 
mode of construction, may at once be 


frankly admitted. But in reality it is 
so small in amount as to be practically 
negligible. Experiments have shown 
that the difference in the atmospheric 
resistance encountered by a flat-fronted 
cylindrical body and one with a pointed, 
or angular, or beaked, or prow-shaped 
front, is relatively so small as to be 
hardly worth providing against if such 
provision involve extra cost, or any 
other drawback. 

Were no such drawback incurred 
even the trifling resistance which the 
air offers to the progress of a moving 
body of such small sectional area as a 
train, might possibly be worth averting. 
But unfortunately a very serious draw- 
back to the wind-cutter construction 
does exist, although it seems generally 
to have escaped notice. While a head 
wind or a still atmosphere hinders the 
fastest train but little, any wind in the 
slightest degree on one side of the 
course, still more if right abeam, as it 
is nautically phrased, and most of all 
if on either bow—that is to say, partly 
ahead and partly on one side—con- 
stitutes a hindrance of a most serious 
nature, because by forcing the flange of 
every wheel on one side of the whole 
train against the lee rail it acts as a 
very powerful brake. The author has 
found in direct experiments that such 
a wind, if strong, will often reduce the 
speed of a fast express by 30 or even 
40 per cent. Now the fatal disad- 
vantage of the wind-cutter construction 
is, in the view of the author, that it 
exposes the greatest possible amount of 
surface to the most mischievous wind 
of all, and so increases the resistance in 
a very formidable degree, instead of 
diminishing: it. It is not a little sur- 
prising that in the face of this indisput- 
able fact the fallacious idea should still 
prevail that the wind-cutter front is the 
ideal construction type for express 
engines and trains. It is at least note- 
worthy that the best booked timings on 
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the lines using this form of construction 
-—which has lately been adopted also 
on the State Railway—are lower than 
on any other French line, but this is 
not mentioned as a case of cause and 
effect, being rather post hoc than propter 
hoc. The coincidence may nevertheless 
be recorded. 

The engines of the six-coupled type, 
which are being more and more used 
in France, as elsewhere, on heavy 
express service, have 5 ft. g in. coupled 
wheels, on the Nord, Est and Orleans 
lines; 5 ft. 9 in. and 5 ft. 3 in. on the 
Midi; 5 ft. 51n. and 4 ft. 11 in. on the 
Paris-syon-Mediterrante> -5 (ft 7 vin. 
on ~the “Ouest. © The- high-pressure 
cylinders on the Nord, Orleans, Midi, 
Est and Ouest railways are 132 in. in 
diameter ; on the P.L.M. 134 in. and 
144 in. respectively. The low-pressure 
cylinders are mostly 234 in., and the 
piston stroke, which is 25} in all 
other cases, is 254 in. on the P.L.M. 
The heating surface is respectively as 
follows:—Nord, 1,945 sq. ft.; Ouest, 
2,0007 Orléans, 2,028 Midiver.o5a. 
Pil, +1005 and 250390" Est 2210. 
The steam pressure 1s 213 lb. inthe case 
of the Nord, Orleans, Midi, and P.L.M.; 
228 |b. originally—now 213 Ib.—on the 
Est; 19glb. onthe Ouest. The weight, 
in working order, ranges from 564 tons 
on the Midi, to 644 tons on the Est. 

Three prominent points of merit have 
been instanced in the case of all these 
de Glehn compounds, viz.: (1) the 
provision for direct admission of steam 
to the intermediate reservoir; (2) a 
three-way valve by means of which the 
exhaust from the high-pressure cylinder 
can be discharged into the atmosphere, 
thus avoiding anexcess of back-pressure; 
(3) the setting of the high-pressure and 
low-pressure cranks on each side of the 
engine at an angle of 162 degrees to 
each other, which renders the work of 
starting far easier. 

The author has been referred to as 
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an enthusiast in his admiration of French 
engines. This is an error in terms. It 
is his rule never to allow any enthusiasm 
or feeling to enter into his view of 
subjects which are purely scientific and 
practical. He regards them from an 
absolutely impartial standpoint. If a 
bare record of the work done by the 
French compound engines is so striking 
as to compel the enthusiastic admiration 
of those who read it, the recorder cannot 
be held responsible. All the more credit 
belongs to the engines that do such 
remarkable work. When the author 
started upon a course of observation of 
the performances of the French com- 
pound locomotives he was quite unaware 
either that the engines or their perform- 
ances were of any special merit, and 
on his return to England he found that 
this want of knowledge existed also in 
the case of nearly all the leading 
engineers of this country. It came 
upon him as a surprise—and not an 
agreeable one—to find even three years 
ago that engines running in considerable 
numbers on the French railways were 
doing work that engines in Great 
Britain had.never, in the author’s ex- 
perience, equalled or even approached. 
Take, for instance, his frst'teipe s@n 
that occasion one of the compound 
express engines designed by Monsieur 
du Bousquet on the de Glehn four- 
cylinder compound system, starting from 
Calais with a load of 20 coaches, weigh- 
ing 260 tons, behind the tender, ascended 
the eight mile bank of 1 in 125 to Caffiers 
at a minimum speed of 41 miles an 
hour. In England he had found 36 
miles an hour reckoned as a very high 
speed with such a load, even up a grade 
of I in 200, and here was a French 
engine exceeding that on a gradient 
nearly twice as steep. 

Another revelation was the gradient 
profile of the French Northern Railway 
from Calais to Paris. It had been 
constantly described as a dead level 
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throughout—as flat as atable. Yet it 
appeared as a matter of fact that only 
a length of 60 miles out of the whole 
1854 was level, viz., that from Etaples 
to Amiens. The remainder formed four 
gables, the first having a continuous 
Beeent fon eieht miles of 1 in’ 125— 
equal therefore to the Graywrigg bank 
on the London and North-Western, 
and steeper (on the average) than either 
that from New Cross to Halstead on 
the South-Eastern, or from Dover to 
Shepherd’s Well on the London, Chat- 
ham and Dover, which are so often 
quoted as obstacles to great speed on 
the part of the English line. Next, 
after a corresponding descent, came 
between Boulogne and Etaples, a second 
gable of I in 135 up on each side; then 
after Amiens an ascent of I in 250 to 
I in 350 for 26 miles, and a correspond- 
ing descent to Creil; finally a 13 mile 
climb of 1 in 200 and a similar descent. 
This is worse than most of the English 
main lines, as a comparison of gradient 
maps will show. Yet that one line 
alone can show more fast booked times 
than all Great Britain has at present. 
The Orleans and Midi lines run the 
Nord close in speed, but, as a rule, have 
lighter loads, except in the case of one 
express each way. The Nord line, on 
the other hand, runs its remarkable 
speeds with heavy loads, yet maintains 
equally remarkable punctuality. 
Generalisations in such matters are 
often misleading. It is irrelevant and 
useless to talk vaguely about French 
and English loads and grades, or to 
compare them as more or less steep or 
heavy. The author’s method has been 
to note the working of engines with 
specific known loads and on specific 
known grades, and to make his compari- 
sons on that basis solely. Thus, in 
observing the work of the four-cylinder 
compounds on the splendid train known 
as the Rome-Calais express, which was 
timed to run from Paris to Amiens, 813 


miles, in 81 minutes, start to stop, or at 
an average speed of 60°5 miles an hour, 
he found that this was done easily within 
time with loads varying from 150 to 190 
tons behind the tender, although two 
continuous banks, respectively of I in 
200; lonrr3 miléseand Tin. 250 tO 171 
333 for 25 miles, had to be: climbed: He 
found that with the heavy Lille and 
other expresses booked at start-to-stop 
speeds of 55 to 57 miles an hour those 
speeds were constantly maintained, and 
even improved upon, time being freely 
made up in case of station or signal 
delays. He found the engines able to 
maintain 55 nules an hour up banks of 
I in 250, hauling 270 tons, and 50 miles 
up I in 200, with a like load, each bank 
13 to 25 miles in length being started at 
ro or 15 miles an hour, owing to slacks 
for junction points. One engine main- 
tained 43 miles an hour up the eight-mile 
bank of 1 in 125, hauling 280 tons. 
Another, starting at the foot of a 12- 
mile ascent of I in 200, with 340 tons 
behind the tender, attained 40 miles an 
hour in 2 miles and steadily gained 
speed until just before the summit the 
rate was 47 miles an hour; while up 1 
in 250 a rate of 51 miles an hour was 
maintained, and that with a load of 340 
tons exclusive of engine and _ tender. 
With lighter loads, such as 180 to 200 
tons, speeds of 60 to 62 miles an hour 
were maintained up I in 200,and with 
IIo to 150 tons, 65 to 70 miles an hour. 

It will thus be seen that the remark- 
able booked speeds were accomplished 
through the fine work uphill, for the 
prescribed limit of 120 kilometres, or 
74°4 miles an hour, was rigidly adhered 
to in down-hill running, never being 
exceeded except on special experimental 
occasions and by express permission. 
In such particular cases the author has 
tested the speed up to 85 miles an hour, 
when the limit of the engine’s capability 
was by no means reached; also at 75 
miles an hour for many miles on the 
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level with a light load, so that no doubt 
exists as to speed capacity. But it is in 
the actual collar work uphill and on the 
level that theachievements of the engines 
of the standard class on the Nord, and 
notably those numbered 2.161 to 2.180 
and 3.121 to 3.170, surpassed all others 
in the author’s experience. In no 
instance was a pilot or assistant engine 
employed. 

Yet even these achievements have 
been eclipsed recently by one of the two 
exhibition engines, specially constructed 
to Monsieur du Bousquet’s design on 
the de Glehn system, for the Chemin de 
Fer du Nord. One of these was shown 
in the Vincennes Annexe, the other has 
run on regular services. The type differs 
from its predecessors in several respects 
besides that of augmented size. It is of 
the so-called “ Atlantic”’ class, having a 
four-wheel leading bogie and a pair of 
carrying wheels behind the firebox, the 
two pairs of drivers being in front of the 
firebox and placed close together under 
the exact middle of the engine. The 
coupled wheels are 6 ft. 9 in. in diameter 
instead of 7 ft. The boiler is very large, 
being 16 ft. 84 in. in length, or 13 ft. 
94 in. between tube-plates and 4 ft. 
g4 in. in internal diameter. The total 
heating surface is 2,275 sq. ft., and the 
steam pressure is 228 lb. per square inch. 
The tubes are of the Serve pattern; the 
firebox is of the Belpaire design, giving 
167 sq. ft. of heating surface, witha fire- 
grate of 294 sq. ft. The two high-pres- 
sure cylinders, placed outside, are 134 
by 25} 1n.; the two low-pressure, inside, 
22 by 25+. The cranks are set»at:an 
angle of 180 degrees instead of 162 
degrees as in the earlier types. The total 
weight of the engine in working order is 
63 tons; of the eight-wheeled tender 45 
tons. The adhesion weight is 33 tons, 
and the total of engine and tender 108 
tons. 

In an experimental trip with this 
splendid engine, the author found it able 
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to take a train of 305 tons, exclusive of 
engine and tender, from Paris to St. 
Quentin, 952 miles, in go minutes 52 
seconds, start to stop, averaging 62°1 
miles an hour up the 13-mile bank of 1 
in 200, and never going below 59°2 miles 
an hour, also maintaining 75 miles an 
hour on the level and shght rise, all 
these with a load of 305 tons behind 
the tender. No performance of equal 
merit had ever previously come under 
the author’s notice. It should be noted 
that in descending down grades the 
speed was kept rigidly to the legal limit, 
74°4 miles an hour, otherwise a still 
higher start-to-stop average could have 
been obtained. 

It could hardly have been expected 
that such an achievement as this would 
have been surpassed by the same en- 
gine, but this actually happened within 
three weeks. The author was courteously 
invited by Monsieur du Bousquet to be 
present at a special trial of the engine, 
No. 2.641, with a load of no less than 
3653 tons (French) or 360 English tons, 
which took place on the 13th October. 
The train selected was the famous Nord 
express from Paris to Cologne, Berlin 
and St. Petersburg, and the test was 
made on its first stage, VizyetOseoe 
Quentin, a distance of about 95% miles, 
which includes one bank of I in 200 for 
13 miles continuously and another of 1 
in 333 for 10 miles. Wiaith that enor- 
mous load of 360 English tons behind 
the tender—or 468 tons if the weight 
of engine and tender were included— 
No. 2.641 ascended the 13 miles of 1 in 
200 at an average speed of 56 miles an 
hour, the lowest speed point being 52:2, 
while on the latter part of the rise the 
rate was as much as 571... On the 
length of level and slightly rising grades 
from Creil to Tergnier, a steady rate of 
64 to 70 miles an hour was sustained. 
Tergnier, 812 miles. from Paris, the 
same distance as Amiens, was passed 
in 80 minutes 44 seconds from the start, 
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but thenceforward as the train had got 
materially in front of its booked time, 
although two signal checks were en- 
countered, the driver unfortunately had 
to ease down, nevertheless the train 
came to a signal stop just outside 
St. Quentin station in 96 minutes 13 
seconds, from Paris, the final stop inside 
being in 97 minutes 31 seconds, in spite 
of signal delays totalling 2} minutes. 

Another feat consisted in taking the 
Paris-Calais corridor dining train up 
the eight-mile bank of 1 in 125 between 
Calais and Boulogne at a minimum 
speed of 52 miles an hour, and subse- 
quently up the 26 miles of 1 in 250 and 
I in 333 at a minimum rate of 65 miles 
an hour, the weight being 267 English 
tons behind the tender; while in the 
opposite direction, with a 235 ton load, 
Etem oe iniles (Ol Lin 250 and. 1'in'333 
were ascended at 65 to 68 miles an hour, 
and the Caffers incline of 1 in 125 was 
actually climbed at an average of 61°8, 
the absolute minimum being 55. In a 
special down-hil] test, the engine also 
attained 85°8 miles an hour, so’ that its 
swiftness is unimpeachable. These 
achievements appear to the author so 
remarkable as to be almost phenomenal. 

A few engines of the Vauclain four- 
cylinder type and alsoa few of the Mallet 
two-cylinder compound type are at work 
in France, the former on the Etat line, 
but the author has had no opportunity 
yet of personally observing their per- 
formances. The de Glehn system, as 
already stated, has now become the 
standard for all France. 

In Great Britain three experiments 
have been made with four-cylinder com- 
pound locomotives, built on the tandem 
method. One was a rebuilding of the 
identical North British engine which 
fell into the sea on the occasion of the 
Tay Bridge collapse. On being raised 
after many months’ submersion, it was 
converted into a tandem compound, 
but with unsatisfactory results, so the 


engine was reconverted to the non-com- 
pound type. On the Great Western 
two locomotives were constructed on 
the tandem principle. Both had 7 ft. 
coupled wheels and four cylinders, all 
inside, the low-pressure cylinders in 
each case being placed in front of the 
high-pressure pair. One of the engines 
had 14 in. high-pressure cylinders, and 
22 in. low-pressure, and the other had 
I5 in. and 22 in. cylinders respectively. 
In the former case each of the low- 
pressure pistons had two piston rods, 
oné near the circumference of~ each 
piston and fixed so as to pass on either 
side of the high-pressure cylinders, 
behind which they were connected with 
one crosshead, as also was the low- 
pressure piston rod. Thus each cross- 
head was actuated by three piston rods, 
and the engine had six piston rods 
altogether. The experiment was interest- 
ing but not successful, and the engines 
were condemned. 

A somewhat similar arrangement is 
used on twenty eight-wheel coupled 
goods engines of the Chemin de Fer du 
Nord which are built on the tandem 
four-cylinder compound principle, and 
which are stated to do very efficient 
work. One three-cylinder compound 
engine with six coupled wheels and a 
radial leading axle has also been tried 
on the Nord line. In this case there is 
one high-pressure cylinder inside and 
the two low-pressure cylinders are 
placed outside the frames. No particu- 
lars of this engine’s work have so far 
been procurable. 

Two isolated types of three-cylinder 
compounds have also been tried by 
British designers. One case is that of 
a North-Eastern 7 ft. coupled express 
engine built on the Worsdell-von- 
Borries system. This has been re-built 
as a three-cylinder compound with a 
single 19 by 26 high-pressure cylinder 
inside and two 20 by 24 low-pres- 
sure cylinders outside. In_ several 
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experimental trips, the author found it 
do excellent work, pulling heavy loads 
and attaining high speeds, but the 
type has not been multiphed. The 
other instance, although emanating 
from a British designer, Mr. John 
Riekie, Chief Mechanical Engineer 
of the East Coast of India Railway, 
and tried in British territory—viz., in 
India—has not yet been seen in the 
mother country. Mr. Riekie’s system 
consists in retaining the two full-sized 
high-pressure cylinders of a non-com- 
pound engine, and adding a third, or 
low-pressure cylinder, these cylinders 
acting on three cranks set at angles of 
120 degrees. The ratio of the combined 
area of the two high-pressure cylinders 
is to the low-pressure cylinders as 1 to 14, 
instead of 1 to 2 or 2} as in the case of 
most other compound types. One great 
difference between this system and all 
its predecessors consists in cutting off 
steam early in the two high-pressure 
cylinders, in place of a late cut-off in 
one or two smaller high - pressure 
cylinders, also in adopting a new 
departure in low-pressure cylinder ratio 
to suit this early cut-off. The cranks 
are so balanced that all revolving parts 
are balanced in a vertical plane. The 
inventor claims that both a wider range 
of expansion is obtained by his method, 
and also that a greater reserve of power 
is retained. He contends that he gains 
30 per cent. more power by his plan; 
that it is capable of modification so as 
to give 60 per cent. more power than 
the largest that can be got out of 
cylinders with existing methods; and 
that owing to the possibility of vast 
increase in cylinder dimensions, larger 
driving wheels could be used and piston 
speed thus be diminished. According 
to the records taken of the performances 
by two Indian engines constructed upon 
this system, it appears to be very efficient 
in operation and to possess much promise 
of future success. It is to be wished 
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that it should have a fair trial in this 
country, but as the author has had no 
personal experience of its work, he is, 
of course, unable to offer any definite 
opinion, save on theoretical grounds, as 
to its value, which he is disposed to rate 
highly. 

Summing up, in conclusion, the 
results to which the author has been 
conducted by his fifteen years’ personal 
observations of the working of compound 
locomotives, he feels no hesitation in 
declaring that the four-cylinder com- 
pound must almost of necessity be the 
standard locomotive of the future in 
Great Britain, as it is of the present 
in France. He is not entirely satisfied 
that the limit of extension permitted by 
the British loading-gauge has yet been 
reached in the case of simple high- 
pressure or non-compound engines, even 
by Mr. J. A. F. Aspinall’s Lancashire 
and Yorkshire giants of the 1°400 class, 
or by Mr. Wilson Worsdell’s ten- 
wheeled 2:001 type. Smaller wheels. 
than 7 ft. 3 in. in the former case and 
larger boilers in the latter would permit 
yet further increment of power were this 
deemed desirable, but it is questionable 
if that could be accomplished with 
economic advantage. On the other 
hand, compounding enables the same 
steam to be profitably used twice over, 
and also to be first employed ata higher 
pressure than would be economical were 
it to be exhausted after doing duty but 
once. In this way large economy of 
power can be obtained, consequently 
more power out of a given quantity of 
steam and of the material consumed in 
its generation and within limited dimen- 
sions. But to attain these results in the 
largest degree, the author holds it 
essential that four cylinders should be 
employed with ability to use high 
pressure in all four cylinders at starting 
or in case of emergency—as in the de 
Glehn compounds—and that the driving 
wheels should be coupled. 
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ise tOssereserelative, merits. of the 
various cylinder positions or of the 
several rival systems of four-cylinder 
compounding, the author does not con- 
sider it needful to express any opinion. 
He has deemed it preferable to record 
his own experiences with the systems 
used in England and France, and to 
indicate the conclusions to which those 
experiences have conducted him. 

The question has been treated mainly 
iyereterence. to what is, perhaps, the 
most important department of locomo- 
tive duty—the haulage of heavy express 
trains. But it may be added that the 
profitable employment of compound 
locomotives appears to be virtually 
limited to that class of service and to 
goods traffic having long runs without 
stop. In the latter class of work Mr. 
Webb and Mr. Worsdell have for some 
years employed very powerful compound 
goods engines, and, it is stated, with 
distinct advantage, while Monsieur du 
Bousquet’s compound goods engines on 
the Chemin de fer du Nord and his ten- 
wheeled de Glehn compounds of the 
3.121 class for fast goods trains have 
done excellent service, one of the latter 
having hauled a train of 1,or4 tons at 
38°5 miles an hour on the level and 
slightly rising gradients, at 21:1 miles 
an hour up I in 200, and at 23°4 miles 
arenouretp 1 ine 333-ealso 876 tons at 
26°6 miles an hour for 23 miles up a 
erage Our in) 200. but im this depart- 


ment of traffic the author has_ had 
smaller experience with compound 
engines, and he therefore prefers to say 
little on the subject, as he cannot speak 
with full personal knowledge. The 
application of compounding to engines 
working trains that have frequent stops 
he entirely disapproves, and the experi- 
ments tried by Mr.- Webb in this 
direction have apparently justified that 
unfavourable opinion. The true function 
of compound locomotives is to take trains 
that run long distances without stoppage. 

It may reasonably have been antici- 
pated that the author would touch on 
the important questions of relative fuel 
consumption and relative cost of repairs 
in compound engines as compared with 
the non-compound types. He has not 
done so for the simple reason that no 
information is available that appears to 
him satisfactorily conclusive. He was 
a deeply interested and, he might add, 
highly amused, listener to the animated 
discussion which took place on this head 
among some of the most eminent of 
British engineers at last year’s con- 
ference of the Institution of Civil 
Engineers. In view of the amazingly 
discrepant, utterly contradictory, and 
wholly irreconcilable statistics put for- 
ward on that occasion by some of the 


~ most distinguished authorities, he prefers 


not to be citable as being among those 
who “rush in where angeis fear to 
{reads 
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HE persistence with which habits, 
and especially bad ones, cling 
to us_is proverbial, but it is 

doubtful if anything else can account 
for the slow progress which is made in 
stemming the perversion of the term 
‘‘Civil Engineer.’”’ The parent institu- 
tion has for many years given out no 


uncertain sound upon this subject, and ° 


the addresses of such men as the late 
Sir William Anderson, Sir Benjamin 
Baker, and more recently Sir William 
Preece, are so pointed and convincing 
that the only wonder is that any intelli- 
gent person can be found who harbours 
a different view from that which such 
authorities endorse. 

Still, the fact remains that there are 
to-day many who cling to the idea that 
no one is a civil engineer who is not 
occupied with the designing or con- 
struction of such works as roads, rail- 
ways, canals, docks, harbours, water- 
works, river improvements and the like, 
and that those who are practised in the 
design and construction of ironworks, 
steel works, gasworks, chemical and 
other works, textile manufactories, en- 
gines, boilers, machinery, furnaces, ships, 
locomotives, and so on, are mere 
‘‘mechanical engineers,” creatures of 
a different and of a lower order. 

It is easy to understand how this 
idea arose. In the days when Smeaton 
first adopted the term “civil engineer,” 
the meaning was perfectly clear. The 
civil engineer was a man engaged in 
designing and constructing works or 
structures for civil purposes. Before his 


time, the engineer had done analogous 
work for military purposes, and the 
prefix “civil” differentiated the two 
classes. ‘‘ No work,” said ’a writeran 
‘‘ Kngineering ” some years ago, ‘‘came 
amiss to the old military engineer. Not 
only would he design and build a fortress 
or an earthwork, but he could construct 
a pontoon, bore a cannon, improvise a 
petard, and mend a broken scaling- 
ladder. He was not merely a man of 
science, learned in fortification, and an 
authority in mining, but he was also 
an able mechanic, and often attained 
wonderful results from very meagre and 
unlikely materials. Those who adopted 
his title implied that their sphere was, 
at least, as wide as his, with the excep- 
tion of the purely military portion.” 
In these early days, however, the pro- 
portion and importance of such works 
as roads, canals, bridges, harbours, etc., 
was. greater than that of those which 
eventually outstripped them in extent 
when once the steam engine arrived. 
Consequently the title ‘civil engineer ” 
became early associated in the public 
mind with a certain arbitrary division 
of engineering work. Not only so, but 
also a considerable section of the pro- 
fession took arestricted view of the duties 
of the civil engineer, and ‘confined 
the appellation to those who practised 
in building and earthwork construction, 
such as roads, railways, harbours, docks, 
river improvements and so on. Civil 
engineering, in fact, became a branch 
or section of engineering proper, and 
ceased to include the whole field. There 
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was a limitation—almost a degradation 
—of the meaning of the term.” Iam 
indebted to an article in ‘‘ Engineering ”’ 
(7.e., the journal of that name) for some 
of these apt expressions of what I desired 
to convey, and I make a further quota- 
tion from the article in order to empha- 
size a salient point, which, however, is 
not often noticed. ‘‘For a time the 
institution was in practice, although 
not in theory, in league with those who 
accepted this narrow view of the capa- 
bilities of a civil engineer. It elected 
quite readily any man who had been 
engaged in the construction of railways, 
docks, and the like, but gave only a 
grudging welcome to those who de- 
signed and manufactured machinery. 
This was, however, but a temporary 
lapse. It is quite opposed to the 
Charter of the Institution, which com- 
mences, ‘Whereas .. . certain of our 
loving subjects have formed themselves 
into a society for the general advance- 
ment of Mechanical Science.’ Evidently 
men skilled in mechanics could not be 
properly excluded from a body formed 
for the advancement of mechanical 
science, and the institution, realizing 
this, has for many years received en- 
gineers following any branch of the art, 
and has expressly laid it down that they 
are all civil engineers, provided their 
work is not for military purposes.” 

Perhaps the lingering influence of 
former prejudice is sometimes even yet 
to be discerned in the disinclination, 
evident in some quarters, to admit 
certain classes of engineers to the full 
dignity of M.I.C.E. In the interests of 
the profession, it 1s to be hoped that 
even this will soon pass away. 

The comprehensive and _ far-seeing 
definition of a civil engineer, which is 
due to Tredgold, is embalmed in the 
charter of the institution, and, from the 
frequency with which it has been of late 
years quoted, is no doubt familar to 
all engineering students. Sir William 
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Preece’s quotation of it, in his able 
atidresses) Onasthen sHunctions= of the 
Engineer,” is so recent that I need only 
refer any one seeking information on this 
point to that address. 

The candidate for admission to the 
American Society of Civil Engineers is 
required to have the “ability to design, 
as well as to direct, engineering works,”’ 
but whilst this gives a useful prominence 
to what forms a distinguishing mark of 
an engineer as contrasted with a con- 
tractor or a mechanic, it really adds 
nothing to Tredgold’s definition. ‘‘ The 
art of directing the great sources of power 
in nature for the use and convenience of 
man,” necessarily includes the ability to 
design the works or apparatus which the 
practice of that art demands, and it 
follows obviously that those who execute 
or carry out the plans made for them by 
another need not possess—although many 
who do so undoubtedly do possess—the 
ability to devise such plans. 

To direct the great sources of power 
in Nature demands an intelligent acquain- 
tance with these powers and their range 
of action, and with the laws which 
underlie the various phenomena due to 
them, because all intelligent use of them 
must be governed by obedience to these 
laws. 

It seems to mé to be essential to our 
subject that we should raise the question, 
“What are the sources of power in 
Nature?” It would perhaps be more 
correct to say, ‘‘ What are the forces of 
Nature?” for there can be only one source 
of power in Nature, and that is the energy 
of its Creator. The forces of Nature, 
which become by intelligent use sources 
of power to mankind, become known tous 
through phenomena, which, on account 
of their invariable character, have led 
to their immediate causes being termed 
“natural laws.” ‘Itis, however, becoming 
increasingly apparent that they are, one 
and all, manifestations of one all-pervad- 
ing natural principle, which is a never- 
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ceasing molecular activity. Some of 
these forces are well known. Gravity, 
cohesion, chemical action and affinity, 
light and heat, atmospheric pressure, 
evaporation and condensation, wind, 
water falling and flowing, the tides, 
atmospheric electricity and_ terrestrial 
magnetism, have long been familiar 
almost as household words; but the most 
truly universal of all, viz., molecular 
energy,is onlyas yet but dimly discerned, 
and feebly grasped. 

These may be regarded as the elements 
in our science, because they are primary 
natural conditions or actions. What we 
may consider as derived conditions, and so 
corresponding to compound or derived bodies, 
as in chemistry, are fire or combustion 
with flame, the expansive force of steam 
and other gases, pneumatic pressure, 
hydraulic pressure, and produced elec- 
tricity and magnetism. These are the 
forces of Nature with which we as 
engineers have to deal, and in order to 
study or to utilize them, we must 
obviously be acquainted also with the na- 
ture, qualities, and strengths of materials. 

By acquaintance with the action of 
these forces, we learn that several of 
them have a common origin, and we 
find, for instance, in heat, its increase, 
transference, and abstraction, the source 
of many phenomena which are essential 
to the comfort and convenience of man. 
Evaporation and condensation producing 
rain, waterfalls, and streams; currents of 
air producing wind; the expansion and 
contraction of solid bodies; the change 
of physical state, through solid, plastic, 
hquid, gaseous, or vice versa, not forgetting 
the importance of this as applied to the 
liquefaction and solidification of gases 
hitherto considered permanent; the ex- 
pansion or dilation of gases, not omitting 
the effects denominated explosive; and 
the disintegration, whether physical or 
chemical, of many substances, are among 
the proofs that in heat is found “‘a great 
source of power in Nature.”’ 
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Similarly we learn that lght is re- 
sponsible for many actions, chemical and 
physiological, beyond the primary one 
of illuminating, and so enabling us to 
see what is above, beneath, and around 
us; and in electricity we have found a 
form of energy capable of giving rise 
to a marvellous variety of actions and 
results. 

Of late years, as I have indicated, 
another great generalization has been 
emerging from the region of speculation 
into the broad light of well-ascertained 
fact. The expansion and contraction 
of metals under the influence of heat 
and cold probably first aroused inquiry 
into the nature of the movement which 
was thus observed. The transmission 
of hght and heat, and, as now proved, 
electricity also, from the sun through 
vast distances containing no mundane 
atmosphere, has been (since the days 
when the idea that heat is a substance 
was laid aside in favour of the vibratory 
theory of light and heat) a fruitful means 
of enlarging the understanding of men 
as to the kind of motion which must 
pervade the universe. Similarly the 
study of the nature of electricity and 
magnetism, and of the transmission of 
electricity along wires, or, more recently, 
without wires, and inquiry into the 
inherent difference between conducting 
and insulating substances, have tended 
in the same direction. So also has the 
knowledge of the production of heat by 
friction and percussion, which, in itself, 
led directly to the understanding of the 
conservation of energy, and to the map- 
ping out of a well-defined mental territory 
under the name of thermo-dynamics. 

Many years ago Thomas Graham, the 
celebrated master of the Mint, taught 
that the three conditions of matter, 
gaseous, liquid, and solid, probably exist 
for every substance, although one con- 
dition predominates in each case over 
the others, and that solidification may 
not, therefore, involve the suppression 
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of either the atomic or molecular move- 
ment, but only the restriction of its range. 
The labcurs of such men as Andrews, 
Dewar, Pfeffer, Van’t Hoff, Ostwald, 
Professor W. Spring and Sir W. Roberts- 
Austen, who have followed up Graham’s 
teaching by experimental investigations 
of a brilliant character, have proved to 
demonstration the truth of his views, 
and the persistent molecular unrest of 
solids and liquids no less than gases. 
And the unique researches of Sir William 
Crookes, combined with Professor 
Rontgen’s remarkable discovery and 
demonstration of the X Rays (which 
may be considered as in great degree 
the outcome of the former researches), 
have crowned the work by giving us an 
insight into, and a grasp of, the truth of 
molecular energy never before realised. 
The Rontgen Rays have already proved, 
in a high degree, that there are means 
of directing in a new way that source of 
power in nature for the use and con- 
venience of man; and that further great 
practical results are possible is indicated 
by the following words from Sir William 
Crookes’ Presidential Address to the 
British Association in 1898 :— 

«The total energy of both the transla- 
tional and internal motions of the 
molecules locked up in quiescent air at 
ordinary pressure and temperature is 
about 140,000 foot pounds in each cubic 
yard of air. Accordingly the quiet air 
within a room 12 ft. high, 18 ft. wide, 
and 22 ft. long, contains energy enough 
to propel a one-horse engine for more 
than twelve hours. The store drawn 
upon naturally by uranium and _ other 
heavy atoms only awaits the touch of 
the magic wand of science to enable 
the twentieth century to cast into the 
shade the marvels of the nineteenth.” 

If any one is tempted to think that 
these are matters beyond the ken of the 
civil engineer, as such, I would ask 
him to consider the enlightened and 
extensive view of the functions of the 
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engineer enunciated by Sir William 
Preece no later than in February of 
this year. We may, in fact, advance 
further in-our appropriation of natural 
forces, for not only do we find in the 
marvellous extent and activity of infu- 
sorial life~a natural force which is 
capable of being directed for the use 
and convenience of man—as is instanced 
by the system called the bacterial treat- 
ment of sewage—but-we may also learn 
that living force is capable of being 
utilized in other directions and by other 
methods, as the investigations of tele- 
pathic phenomena are surely, if slowly, 
proving. If Sir William Crookes’ ex- 
planation of these, founded upon the 
facts of ether vibrations and on the 
analogy presented by wireless telegraphy, 
be correct, the vibrations produced in 
the brain and-nerve cells of one person 
may undoubtedly be transmitted to, and 
recorded in, corresponding cells, amen- 
able to the same frequency of vibration, 
in another. This may, at any rate, be of 
interest to us as engineers, because it 
has been urged more than once that 
to be a successful engineer one must be 
able to direct, the minds of men—to 
manage, or, as it has been put, to 
‘‘ handle corporations both public and 
private as if they were machines”’; and 
if this is a necessary means to success, 
we may find in telepathy a scientific 
method of developing it! Whatever 
may be the fate of this suggestion, I 
would like, in all seriousness, tocommend 
to your notice some of the weighty 
words found towards the close of Sir 
William Crookes’ address at Bristol, in 
which, in oppos:tion to the materialism 
of those who, like Tyndall,. tried to 
“find in matter the potency and promise 
of all terrestrial lfc,” he declared that 
he preferred to reverse their apophthegm, 
and to say that he “ found in /ife the promise 
and potency of all forms of matter.”’ 

It is possible, on such an occasion as 
the present, only to take a rapid glance 
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at these great subjects; but I have 
ventured to do so because we are apt to 
think more of our works than of the 
forces which we are the mere instru- 
ments of directing into useful channels. 
Whilst not in any degree undervaluing 
the importance of practical work, it 1s 
imperative that engineers should know 
not only the names of these forces, but 
also something of their nature, the range 
of their action, and the laws which they 
illustrate or embody. It is our business, 
as well as our high privilege, to make 
an intelligent use of them. To deal 
intelligently with steam or heat engines 
demands acquaintance with mechanics, 
thermo-dynamics, chemistry and physics. 
The intelligent consideration of even 
the design and working of a steam 
boiler brings us into contact with 
Pascal’s law of fluid pressure, Boyle’s 
and Mariotte’s laws concerning gases, 
the laws of chemical combination, and 
of the conduction and transference of 
heat, besides some elements of hydraulics 
and of metallurgy. 

It has been said truly that whilst a 
clever sewer builder might design a 


drain and claim to be a sanitary 
engineer, yet only the man _ who 


approaches his work with an intelligent 


knowledge of the conditions which 
sanitation involves could, in that 
department, be a civil engineer. And 


so in other departments also, it is really 
the possession of scientific knowledge 
which differentiates between the en- 
gineer and the artificer. 

The same talents are required in all 
departments of engineering work, and the 
same knowledge of natural phenomena 
and laws. The specialised part of any 
engineer's equipment is found in his 
knowledge of the particular service or 
process for which a building, or a 
machine, or other work is wanted. 
But it is not good to specialise too 
exclusively, for it is easy to become 
buriedt in a groove, - [he history ‘of 
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invention, moreover, has shown us that 
great improvements are most frequently 
due to men whose vision is not confined 
to the narrow limits of one branch of 
practice. The great civil engineers and 
inventors of past days illustrate this, 
for Smeaton was educated for an at- 
torney, and taught himself engineering; 
Watt was a philosophical instrument 
maker, and Stephenson a colliery engine 
keeper; Murdoch was a miller and 
millwright, Bessemer, a pattern designer 
and student of chemistry, and Pullman 
was a cabinet-maker. 

I must confess that, in the light of 
such facts as those which we have had 
in brief review, I find it difficult to 
understand on what possible grounds 
the man who makes, surveys, and 
designs the plans of a railroad, should 
be considered a specimen of a_ higher 
type of engineer—the civil engineer par 
excellence—whilst the man who designs 
and makes the locomotive and rolling- 
stock, or the man who designs electrical 
apparatus, from the massive dynamo 
to the delicate magnet operating 
signalling and telegraph apparatus, 
should be relegated to an inferior class, 
and be considered as ‘“‘ only a mechanical 
engineer!’ Lest any one should think 
this a fanciful idea, I may say that 
I quote from a remark made to myself 
in this room, and it is certain that the 
words and actions of some show that 
to call a man a mechanical engineer is 
equivalent, in their estimation, to placing 
him in a lower class than their own. 
This may be due to their inability to 
understand the full bearing and import- 
ance of mechanical science, and, if so, 
it is obvious that it is they who are not 
in sympathy with the aim of the parent 
institution. 

One cannot but wonder whether they 
remember that it was the invention of 
the locomotive that called the railway 
system into existence, and that the 
designer of the first efficient locomotive 
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was himself also one of the first 
and greatest designers and builders of 
Surely in this case, at any 
which 


railroads. 
rate, the order of precedence 
exists in the minds of these engineers 
to whom I allude has been subject to 
an unfortunate dislocation, or, as the 
French would term it, bouleversement ! 
‘There is, | can admit, one aspect of 
the subject under which they have the 
appearance of being in the right; and 
that is, that as the engines and vehicles 
must run on the road, and_ suffer 
damage if they leave its guidance, those 
who construct that road can i this sense 
claim to be directing one of the sources 
of power in nature for the comfort and 
convenience of man, that is, of those 
who are travellers by it. If we con- 
sider navigation, its enormous indebted- 
ness to, and even dependence upon, 
mechanical science must be admitted. 
But for the slighted ‘mechanical 
engineer,” where would be the supply 
of the material from which alone ships 
of the present dimensions could be 
built; where the machinery without 
which they could neither be propelled 
at high rates of speed, nor worked when 
under way or in port—where, in fact, 
and what, would the ships be? And 
what do harbours, docks, lighthouses, 
and such works owe of their present 
importance to the existence of steam 
navigation ? 

The major part of experiments on the 
tensile and other strengths of metals, 
and on the effects of differences of 
temperature and of corrosion on 
various materials, have been carried 
out by men engaged in making engines, 
boilers, and ships. We may ask, are 
tests and the resulting calculations 
of strength of materials as applied to 
such structures of less importance to 
engineering than those which are ap- 
plied to the same materials when used 
for bridges, roofs, and girders ? 

Few of the sciences could make head- 
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way in investigation and research with- 
out instruments and apparatus due to 
mechanical ‘skill, and none of the 
manufacturing processes, whether metal- 
lurgical, chemical, or textile, could 
exist without machinery. Not only 
so, but also surveying, mining, canal 
cutting, harbour building, dock con- 
struction and the numerous works sup- 
posed to be the exclusive birthright of 
the fancied higher grade of engineers, 
would have a sorry chance of being 
carried out ona scale of any magnitude 
but for the assistance of the appliances 
emanating from the supposed lower 
grade. 

I can go a step farther, and say that 
it will not be denied by any one com- 
petent to form a judgment on the point, 
that there are few properly trained 
so-called ‘‘*mechanical engineers ”’ who 
could not design and construct a bridge, 
or a railway, or a dock, or almost any 
other engineering work, if called upon to 
do so. 

Having said thus much, with the 
purpose of trying to give an unworthy 
prejudice its quietus, I wish to urge 
upon you that there should be no 
question of jealousy or of rivalry 
(except of a friendly kind) between 


different branches of engineering. We 
must admit that the modern locomo- 


tive is a masterpiece of mechanical 
science, and that the railroad exhibits 
many of the crowning triumphs of 
engineering skill, and we must main- 
tain that it is the same science of 
engineering which has produced both. 
The time is approaching when all 
petty distinctions between different 
sections will lose their importance, and 
the different titles attached to such 
sections will sink into insignificance 


before the important one of engineer. 


Even now, as may be seen by a survey 
of the table prepared and exhibited by 
Sir William Preece, which, by his 
courtesy, | am enabled to show to you 


=) 
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this evening, it is impossible to draw 
any sharp line of division between any 
two of the great branches of engineer- 
ing, not excepting the military one, for 
the work of one branch merges at 
several points into that of another. 

If we have—and this is the 
portant point—a proper conception of 
the dignity of the profession and the 
vast sphere of operations in which one 
and all of us are but instruments, we 
shall have no need to resort to any 
for maintaining our own 


im- 


expedients 
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particular dignity, or that of the branch 
in which our work more immediately 


lies; and we shall not grudge to any the 


attainment of excellence in their own 
place in that sphere. However long a 
life we may spend in its service, to the 
end of that span we can never be other 
than students in so profound and far- 
reaching a science, and there is no 
reason why we should not prosecute 
that study in a right spirit as regards 
our attitude both towards our subject 
and towards all our fellow-students. 


NEW MACHINERY, APPLIANCES, ETC, 


(Manufacturers are invited to send particulars and illustrations of New Machinery for Notice, free of charge, wider 
this Heading. Although the merits of every machine and appliance are investigated by an expert, the Editor 
desires it to.be understood that in some instances he is dependent to a large extent on the statements of manufacturers.) 


—— 


THE PIGUET ENGINE. 
Pewiiwstrate, 2 25 h.-p. Piguet 
steam engine exhibited at the 
bas exhibition. It has a 
cylinder didmeter 72th in. and a stroke 


see In engines of small power, but the 
manufacturers assure us that the advan- 
tages of this construction outweigh the 
disadvantages, and continue to use them 
exclusively with a single, cylinder. 


A 25-H.-P. PIGUET ENGINE. 


of 15%1n., and runs at a speed of 180 
r.p.m. It is provided with a main valve 
and a cut-off valve working in the 
ordinary manner on a flat seat. The 
makers, Miessts. Piguet & Co., also 
exhibited a 600 h.-p. engine of similar 
design. As our readers are probably 
aware, these valves one only expects to 
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E learn that Messrs. Graham, Mor- 

ton & Co., Leeds, have obtained 

a contract for the Edinburgh and 

Leith Corporations Gas Commissioners, 
amounting to the sum of £113,802, for 
the erection of a complete automatic 
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inclined retort carbonising plant, includ- 
ing their improved system of elevating 
and conveying machinery for handling 
coal. 
e e e 

The tgor Catalogue on their dynamos, 
motors, transformers, switchboard and 
switches reaches us from the Newton 
Electrical Works, Limited, of Taunton, 
and includes some practical hints on 


the management of ‘ Taunton” dy- 
dD J 
namos. These “hints” are worthy 


_of a careful perusal, as they embody 
much useful information in a concise 
form. 
eo 2 e 

Messrs. Blackstone & Co., Limited, 
of Stamford, have recently brought out 
an interesting booklet on their oil and 
gas engines, which gives particulars 


of ‘their sizés,;2prnces, and systenr a1 
working. 
4 > - 
Messrs.” David» Bndge= &- Coa 


Castleton Ironworks, Castleton, near 
Manchester, have just issued a pamphlet 
descriptive of their friction clutches, and 
containing some testimonials from users, 
amongst whom we notice some of the 
leading manufacturing firms. Messrs. 
David Bridge & Co. have now more 
extended facilities for executing large 
orders, having moved into new works 
at the above address. 
we hope to 


In an early issue 
give our readers some 


particulars of the works and _ their 
equipment. 
°° °- e 
The =simplex™ Stee Conduiten@on 


Limited, of Birmingham, forward us 
their supplementary list, and draw atten- 
tion to their new screwed brazed con- 
duit of heavy gauge and screwed fittings 
for use in places such as breweries, etc., 
where a watertight system is insisted 
upon; s splits bends#and) tee. pieces yaa 
new type of box, enamelled, iron-cased 
switch and fuse distributing boards; 
pendant fittings with porcelain bridge, 
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with connection terminals fitted; also 
split box with bridge terminals and a 
connection box for connecting up branch 
circuits from a pair of bars fitted on to 
porcelain in the box ; removable porce- 
lain interiors and connection bars for 
use with their standard junction boxes. 
This arrangement consists of a porce- 
lain cradle, which just fits inside the 
junction box, and supports two brass 
connection bars, which are each made 
in two parts. The bars are drilled 
along their length, and terminal screws 
are fitted to clamp the branch circuit 
wires, and a half-lap joint in the middle 
allows the two ends to be easily sweated 
on to the main lead, it being thimble 
bored to receive same. A large variety 
of T jointing boxes are also listed, with 
a number of special junction boxes, etc. 


e > e 


From the Campbell Gas Engine Co. 
Limited, of Halifax, who are making 
extensive additions to their works, comes 
an instructive book on their productions, 
which include gas and oil engines, and 
combined sets of these engines dire-tly 
connected to different types of pumps, 
which the Company now also supply. 
The list is most handsomely illustrated. 


° a4 ad 


The most handsome Christmas 
number of a trade publication that we 
have seen is that of Mulling — the 
leading weekly organ of the milling 
trade. It contains, amongst other good 
things, a review of Milling in the 
last year by E. R. Voller; an article 
on “The Milling sof thes futures 
by Felix Holt; ‘“ Handling Grain in 
Bulk,” ‘ Wheat Vitality,> by W=oGs 
Anderson; ‘“ The Law Cases of the 
Past Year,” ‘“‘ A Holiday in the Canary 
Islands” (beautifully illustrated), etc. 
These are good things, which up-to- 
date millers should not miss.. The 
price: of ithe issuenisr is. 


NEW PATENTS. 


(Selections from recently published Patent spectfications. 
Branch, 25, Southampton Buildings, Chancery Lane, W.C. 


No. 318. “ Axle Boxes for Locomotives and 
other Railway Vehicles,” A. Spencer, of 77, 
Cannon Street, London, Dated January 5th, 


1900, 

The lubricant receptacle or each such 
receptacle in the top of the axle-box is 
provided with an upwardly extending 
rim flange or seat, to which is fitted a 
hinged or pivoted spring cover, the 
seat and cover being so relatively formed 
and arranged that rain and dirt cannot 
pass between the two and enter the 
lubricant receptacle, but so that the 
cover can be readily lifted up when it 
is desired to inspect or re-charge the 
lubricant receptacle. 
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No. 13,236. “Screw and Bolt Heads,” 
F, W. Rodd, of 124, Hawthorne Street, Cleve- 
land, Ohio, U.S.A, Dated July 23rd, 1900, 

The screw or bolt head has a flat 
bottom and is circular in cross section 
from top to base. It is provided with 
a series of shoulders extending from the 
base of the head upward, deepest and 
widest nearest the base. The head is 
also provided with a series of flutes at 
regular intervals from the top of the 
head downward substantially parallel 
to its axis, and across the bottom of 
each flute is a web constituting a part 
of the otherwise flat bottom of the head. 

. 2 Sd 


No, 14,127. ‘*Shoots for Grain, Coal and 
other Material,” A, J. Boult, a communica- 
tion from G, E, Green, of 17, Frederick Street, 
Binghampton, N.Y.,U.S.A, Dated August 
7th, 1900, 


The chute consists of two or more 


sections, each of which is tapered longi- 


Complete copies may be obtained at the Patent Office Sale 
Price 8d. each.) 


tudinally or reduced in width from one 
end to the opposite end and is provided 
with sockets formed in its sides at its 
wider end, the narrow end of one section 
extending into the wider end of the next 
section. A rod extends across the lapped 
ends of adjacent sections, and its ends 
fit in the said sockets formed in the sides 
of the outer section. 
ees tS 


“Friction Ratchet Devices,’’ 
Dated 


No. 14,366. 
H. John, of Pilse, 8, Erfurt, Germany, 
August toth, 1900, 

This invention relates to a coupling 
or transmission device for coupling 
the driven parts of power machines 
or engines to the driven parts, and is 
characterised by an operating or driven 
shaft to which a comparatively slow 
rotary movement is given by a rapidly 
rotating main or driving shaft. The 
coupling is effected by friction produced 
by a one-armed lever, one end of which 
has an aperture or eye which surrounds 
the driven shaft. This friction is pro- 
duced by the wedging action of an 
intermediate device, which pressesalmost 
radially against the driven shaft, as the 
lever oscillates, in such a manner that 
the effective component force of the 
wedging device causes one half of the 
Gye, Ol milemleveretOn cxercise dw orecat 
pressure against the driven shaft, in 
consequence of which pressure and the 
friction thus caused by the oscillating 
lever the said driven shaft is forced to 
participate in the movement of the lever, 
in one or the other direction. In this 
manner the driven shaft is coupled with 


ap, 
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the lever in one direction of the 


movement of the latter. 


No. 15,340. “ Apparatus for filtering Feed 
Water for Steam Boilers,’ H. Schmidt, 
of 64, Herderstrasse, Hamburg, Germany. 
Dated August 28th, 1900, 

The apparatus consists of conical 
metal plates or “dishes” arranged in 
a casing and furnished with inlet and 
outlet openings, between which metal 
“dishes” the filtering cloths are 
arranged, the distinguishing features 
being that the feed-water to be filtered 
only passes through the filtering cloths 
in one direction, and the sludge b!own 
away from each upper filtering cloth, 
when the filtering cloths are cleansed by 
means of steam, can flow away freely on 
the conical metal ‘dishes” without 
coming on the filtering cloth lying next 


below. ys eat 
_metal i is transferred into a tube having 
<2 a cylindrical hole, which tube envelops 
Articles from a Brass Alloy,’ G. Heindes oft: * 
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“Processes for 


No. 


154375+ r Pressing. 


No. ?/, Pflugstrasse, Berlin, Dated August 
29th, 1900. 

In this process for producing articles 
pressed from brass alloy in moulds after 
the metal has been heated to a moderate 
red glow, blanks of a thickness and 
diameter corresponding substantially to 
the article to be produced are cut 
from bar brass, the said blanks being 
advantageously treated in the opposite 
direction to that in which the bar was 
produced, the articles being pressed in 
the moulds, which may be provided with 
suitable cooling channels or the like. 

No. 15,807. “ Turn-Tables for Locomotive 
Engines,” N, Clegg, cf 44, Trevelyan Street, 
Eccles, Lancaster, Dated September 5th, 1900, 

Means are provided for the turning or 
operating of turn-tables for locomotive 
engines by steam supplied by the engine 
after it has been run upon the table. 
One or more, preferably two, steam 
cylinders or engines are applied to the 
turn-table and connected by friction 
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clutches and spur gearing with a fixed 
spur ring attached to the base of the 
supporting pedestal whereby the turn- 
table may be rotated. 

No. 21,237. “Method of Perforating Solid 
Metal Blocks,” W. P. Thompson, a communi- 
cation from The Hernadthaler Ungarische 
Eisenin-dustrie Actien Gesellschaft, of 8, 
Operngasse, Budapest, Hungary. Dated 
October 24th, 1899. 

A block of metal is placed in a cylinder 
serving merely as its guide. A swage is 
fixed in front of the cylinder and placed 
axially with regard to the latter. The 
metal block is forced against the swage 
by means of a presser operating at the 
back of the metal block and guides in 
the said cylinder. The swage meeting 
the metal block, forces itself into the 
metal, thus expanding the metal in such 
ay wayr” ‘that finally the solid block of 


the swage*without the use of a matrix 
in the fare manner to limit the side- 
ways motion of the metal or influence 
its outer form. It is preferable, when the 
blocks are worked hot, in order to prevent 
them cooling too quickly or unequally, to 
surround the swage with a cover, which 
prevents the access of air to the metal, 
but this cover does not operate to give 
form. The tube is then drawn off the 
punch and subjected to further opera- 
tions as required. 


No, 23,413. “Construction of Dynamo- 
Electric Machines,’ M. H. Robinson, of 
Overslade, Rugby, and M. H. P. R. Sankey, 
late Captain R,E., of Bawnmore, Bilton, near 
Rugby. Dated November 23rd, 1899. 

The dynamo shaft is entirely dispensed 
with by casting a prolongation upon 
the spider or boss carrying the revolving 
part of a dynamo-electric machine which, 
being accurately turned, serves as a 
journal in the bearing at the end remote 
from the engine; the material for the. 
casting is preferably steel. 
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Height: 460 feet from domes to street. Contains 30 stories, divided into 1,000 offices. 
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Queen Victoria. 
BORN MAY auth, 1819. DIED JANUARY 22nd, 1901. 


HE Victorian Era has closed. Victoria the Great has 
passed away. The most glorious reign in history has 
ended,—a reign which will equal previous centuries in 

progress and advancement. Our late Queen loved peace 
and its arts, the truest welfare of a people. A friend of the 
Selehitistmunemitiventor, the engineer, the manufacturer and 
the trader, her beneficent rule has given to Englishmen 
superior conditions of life to those enjoyed by the subjects 
of any other nation. From the throne of Victoria there 
radiated a splendid influence for good—an influence that 
made itself evident in English home life. Generations to 
come will know and appreciate the blessings that follow 
the reign of a good woman. Though the burden of her 
latter days was heavy, her good life brought a great reward, 
for there was no land under the sun, no nation, race or 
creed that did not join in the daily fervent prayer ‘ God 


save the Queen.” 
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That Water-tube Boiler Committee: Is 
it to be Reconstituted ? 

Does Lord Selborne desire to get 
at the truth of the Water-tube Boiler 
question? Judging from the constitu- 
tion of this Committee, the engineers 
of this country certainly believe that 
Mr. Goschen did not. Not that the 
Committee is deficient in men of unim- 
peachable character, but it does not 
possess the necessary qualifications to 
carry out satisfactorily the difficult 
work it has undertaken—and this for 
the following reasons :— 

(1) With the exception of the Naval 
Engineer member, not one member has 
had any practica experience either of 
working or of making water-tube boilers 
of any design. 


(2) All of the. members, excepting 
the naval men, have duties which 
demand their first and close attention, 
and which they cannot afford to sacri- 
fice in favour of this appointment. 

As a writer to the Pall Mall Gazette 
recently pointed out, engineers in this 
country doubt whether a_ thorough 
investigation is really desired by the 
Admiralty; or whether the object is 
merely to strengthen the hands of that 
department in the course which they 
have hitherto ursued. 

What are the qualifications of the 
engineering members ? 

Mr. Milton, the chief engineer sur- 
veyor of Lloyd’s Registry, may be 
supposed to have had the designs of 
water-tube boilers through his hands 
officially; but as his duties lie entirely 
within the mercantile marine, he can 
only have had official experience of the 
working of those examples which have 
been introduced into merchant steamers 
since his appointment to his post, and 
these are practically of the Babcock- 
Wilcox and of the Haythorn types. 
Professor Kennedy has made experi- 
mental trials of a Thornycroft boiler on 
land, and is no doubt well qualified to 
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direct the systematic carrying out of 
experiments for obtaining quantitative 
results, if the conditions suited to such 
work are at his disposal; but he cannot 
be said to have any experience of the 
working of boilers under ordinary sea- 
going conditions. 

The special experience of the naval 
engineer, which Mr. Goschen used as 
an off-set to the lack of experience in 
the other members of the Committee, 
resolves itself simply into experience of 
the Belleville boiler, which is practically 
the prisoner at the bar. It is probable, 
therefore, that he appears either as 
counsel for the prisoner or as holding 
a watching brief for the Admiralty. 
Mr. List and Mr. Bain are undoubtedly 
good men in connection with their special 
work as engineering superintendents of 
two important lines of merchant steam- 
ships, but it was admitted by Mr. 
Goschen in the House of Commons 
that neither has had experience in con- 
nection with water-tube boilers. Dr. 
Inglis is an eminent shipbuilder, but 
neither he nor his firm has had any of 
that special experience which is required, 
as far as is generally known. 

It follows, then, that while these gentle- 
men may direct experiments and cause 
inquiries to be carried out, practical 
work must be eft in the hands of sub- 
ordinates or the Admiralty staff. 

Is this the kind of procedure to pro- 
duce reliable results? We think not. 
We want to see on that Committee a 
few men of sound practical experience 
like Mr. J. G. Dunlop, of the Clydebank 
Works, and Mr. F. J]. Rowan, of Glasgow. 
And until a few such men are appointed, 
the Committee will not carry its proper 
weight—at least, with engineers. 

Nile Irrigation Works. 

The history of the very extensive 
irrigation works being carried out 
Lower Egypt has already formed the 
subject of numerous articles in the daily 
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and technical press, and it is not neces- 
sary, therefore, for us to treat of them 
fully here. We reproduce, however, 
two interesting photographs relating to 
same from Sir W. E. Garstin’s last 
report. The first is a view of the sluices 
from down-stream of the Aswan Dam, 
being constructed by Messrs. John Aird 
and Co. The other shows some inter- 
esting work which is being carried 
on, namely, the construction of stone 
‘“sadds”’ or temporary dams. Two of 


hey 


sharp edges of the stones occasionally 
cutting the wire. 
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The Future of the Refuse Destructor. 


‘““The period of doubt and exaggera- 
tion, of controversy and failure, of absurd 
guarantees and poor performances is 
past, and refuse destructors have now 
entered a period of sober, useful per- 
formances.”’ 

In this spirit Mr. George Watson 


VIEW OF SLUICES (FROM DOWN-STREAM) BEING BUILT IN CONNECTION WITH NILE 
IRRIGATION WORK, 


these are necessary in each place to 
allow of the area between them being 
laid dry by pumping, thus enabling the 
permanent dam to be built. But serious 
difficulties have to be contended with 
even in the building of ‘“‘ sadds,” for the 
stream will often carry away stones of 
two to four tons weight. This difficulty 
is now partially overcome by enclosing 
numbers of stones in wire nets, and 
dropping them into place. But this 
is not entirely satisfactory, owing to the 


writes for our contemporary, the 
‘Electrical Review,” on “ The Disposal 
of Refuse in the Twentieth Century.” 
Though it cannot be said that there is 
anything very strikingly original in the 
article, it is, nevertheless, pregnant with 
facts, and forms an interesting and re- 
freshing summing-up of the present 
position of the refuse destructor. 

We quite agree with Mr. Watson’s 
remarks on destructors working under 
a strong natural draught. 
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Undoubtedly the day of powerful 
chimneys has passed ; moderate and com- 
paratively low chimneys are now being 
used, and are in themselves a complete 
vindication of the destructor as the 
only final and sanitary means of disposal 
without nuisance. If nuisance was still 
inseparable from the destructor, the 
high chimneys of ten and twenty years 
ago would still be necessary. Mr. 
Watson is in error in stating that the 
‘‘ Horsfall’’ destructor at Hamburg is 
the largest destructor in the world. 
The ‘‘Thackeray’’ destructor at San 
Francisco, although only having thirty- 
two cells, instead of thirty-six as in the 
destructor at Hamburg, has a capacity 
for destroying 700 tons of refuse per day. 
The cells are probably the largest in the 
world, each having a grate area of 96 
Sqsits 

With regard to the new arrangement 
in the destructor for the Strand Board 
of Works, for firing the refuse directly 
into the furnaces, Mr. Watson says 
that ‘‘the results of this arrangement 
have yet to be ascertained, but it. is 
hoped that some pence per ton will be 
saved in the cost of feeding the furnaces.” 
This is not very encouraging, and 
although we do not wish to throw 
‘‘cold water’’ on sincere attempts to 
improve the destructor, we cannot hold 
that this is a good one. Having to 
drag refuse forward from the drying 
hearth or secondary grate on to the 
grate proper, from the bottom of a mass 
weighing several tons, entails consider- 
able labour. From the sanitary point 
of view, also, the heaping of an immense 
mass of refuse on top of the secondary 
grate several feet thick, cannot be 
recommended. The weight in_ itself 
causes the component parts of the refuse 
to sink into a very close-lying mass. 
Then, again, in wet weather, when the 
refuse contains a heavy percentage of 
moisture, this will inevitably find its 
level>” Hrom- thé. point. of viewaro 
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storage it does not commend itself, as 
all sanitarians agree that if refuse is 
stored at all, it Should not be stored 
near heat; and in Mr. Watson’s own 
words, ‘‘it is stored on top of the fire.” 

Mr. Watson is in favour of the 
very finest workmanship and the best 
materials. This is very commendable, 
but even if it is carried out to the letter, 
accidents will happen. Mr. Watson 
apparently does not agree with putting 
destructor cells down in duplicate. In 
fact he says that “such expedients are 
quite needless.’ This is really an extra- 
ordinary view, because every destructor 
requires to be shut down for cleaning 
at intervals of not longer than three 
months; and after a. plant has been 
running for three months continuously, 
it requires several days to cool down 
before the men can -even enter the flues 
for cleaning purposes. Perhaps Mr. 
Watson can suggest what local autho- © 
rities can do with their refuse at such” 
times; and as he is a strong advocate 
of the destructor for power purposes, 
how could a town possibly be lighted or 
sewage or water .pumped if a plant was 
not put down in duplicate, andthe’ 
destructor was relied upon solely for 
providing this power? Even allowing 
that no accident happens, cleaning must 
be done; and this fact alone is sufficient 
to make it absolutely necessary to put 
down a destructor in duplicate, so that 
when one battery of cells is off for 
cleaning, another may be put in work 
immediately. 
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Electrical Engineering in the Colonies. 


Colonial development is a theme of 
surpassing interest at the present junc- 
ture. To carry it out to any reasonable 
extent must of necessity be an under- 
taking of mammoth proportions, a work 
which will be, we trow, one of the dis- — 
tinctive features of British industry | 
during the twentieth century. Electrical 
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energy promises to be the most powerful 
agent that will be employed in bringing 
our possessions in other lands up to the 
level occupied by the more up-to-date 
towns and districts in the home country 
_and in America. If we regard for a 
moment the great amount of money 
which is being laid out by municipal 
authorities throughout these islands for 
electric lighting and tram systems, we 


can gain some sort. of a,notion of what 
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work a few years ago. We have too 
often heard it complained that foreign 
manufacturers have too great a hold on 
the English electrical market, but for 
some years past it has looked as though 
we were losing ground even in British 
possessions, more particularly South 
Africa and Australia... In the broadest 
sense we are, of course, all anxious for 
Britisher and foreign rival alike to bring 
their influence to bear in the develop- 
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electrical development means; but we 
must also bear in mind that the most 
completely equipped city or town in 
England is only partly developed at 
present so far as electricity supply and 
street traction are concerned. A num- 
ber of Australian and South African 
towns have already done something in 
these directions, but we are of opinion 
that far greater things would have been 
accomplished had British manufacturers 
and representatives paid more attention 
to the requirements of Colonial electrical 


ment of our lands across the sea; but 
for the sake of the prestige of the British 
manufacturer, and for the sake of the 
future welfare of British industries, it 
is, to say the least of it, undesirable that 
our foreign rivals should have things too 
much their own way. The fact that 
American electric stations and schemes 
generally are larger in size than most 
of the power works in England has 
sometimes had a marked impression 
upon British Colonials who have made 
it their business to go on tour to see 
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what’s what in England and America. 
This favourable impression may be 
expected to incline the Colonial to the 
belief that when he returns to his colony 
he will be able to obtain most electrical 
things better by going to the States for 
them. We are happy to believe that 
this impression of largeness will not be 
obtained much longer. With our dozen 
or more large electricity works in Lon- 
don and others in the provinces yearly 
adding to their plant; with the large 
electric power distribution schemes on 
the verge of execution; with the exten- 
sive electric tramway systems of Man- 
chester, Glasgow, Liverpool and London 
now well on the way; with three under- 
ground electric railway systems in opera- 
tion, two now tunnelling, and another 
dozen seeking Parliamentary approval, 
we shall in a year or two be able to 
show a large amount of important work 
which must leave a very powerful im- 
pression upon the Colonial visitor. But 
in the meantime, are we to allow our 
Colonial cities which are requiring elec- 
tric lighting, power, and tram systems 
to continue to hold the view that Ger- 
mans and Americans are in a better 
position to execute their contracts 
cheaply and expeditiously than are the 
British home manufacturers? It seems 
to us that the present is a fitting occa- 
sion for British manufacturers to subject 
themselves to a thorough heart-search- 
ing and see whether they come short in 
energy, enterprise, or ‘ pushfulness” in 
their attitude towards Colonial electrical 
business, whether they are doing their 
best) t6 Caters ior the needs sof. these 
foreign markets, and whether they are 
prepared to lay themselves out to do 
as well as, or better than, their rivals. 
It is complained, even now, after English 
electrical factories and workshops have 
been extended, and new ones set to 
work, that it is our works’ output capacity 
that tells against us in competing for 
large electrical engineering machinery. 
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The air is still filled with rumours of 
new works and works extensions on a : 
large scale; such reports are especially 
welcome when we consider the under- 
takings likely to be arranged for during 
the next few years. The orders from 
English cities are very heavy at present, 
and will continue to be so for some 
years if all goes well; therefore it must 
be apparent how necessary it is to put 
forth special efforts if we are to be ready 
to supply the requirements of Colonial 
cities. In South Africa, for town lighting 
and tramway equipments, and also for 
mining power plants, there is a good 
deal of foreign-made machinery in use ; 
Australasiahas been very closely watched 
by American suppliers, who now have 
their attention specially turned in the 
direction of India. English represen- 
tatives on the spot are essential, but they 
must be well backed by works at home. 
° ° Sd 

Electric Tramway Systems. 

All electric tramway construction 
work now in progress throughout this 
country is being carried out on the 
overhead trolley system, but in several 
towns where lines have been equipped 
or are now equipping the more central 
thoroughfares are for the time being 
left untouched. The reason for this 
is that overhead wires and _ trolley 
standards are regarded as impossible 
obstructions for busy streets where 
horse and pedestrian traffic are heavy. 
Overhead wires have shown themselves 
to possess certain elements of danger 
for such thoroughfares, in spite of the 
precautions which have been taken. 
Of course, no one will dispute that 
there are important streets in the city 
of London along which, under present 
general conditions, no tramway of any 
kind whatever is permissible, let alone 
overhead wires and pole work. But 
the objections which are applicable to 
thoroughfares of this class do not hold 
good for suburban roadways on the 
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fringe of and leading to our great 
centres. There are very few who 
to-day oppose the trolley system for 
such conditions; it is accepted as the 
cheapest and longest tried of all the 
electrical methods. What, however, 
about the central crowded streets where 
tramways are required, but of the most 
unobtrusive kind? The Metropolitan 
Street Tramways Co. of New York 
changed a few years ago from horse 
and cable traction to the underground 
electric conduit. The cost of construc- 
tion and equipment came to an enor- 
mous figure per mile compared with 
trolley lines, but the trolley was out of 
the question, and in the result the com- 
pany found that the running cost per 
car mile worked out at a most satis- 
factory figure when placed beside its 
previous horse and cable costs. It 
would appear that the position in 
London, under the schemes of the 
London County Council, will be very 
simular. The Council’s advising en- 
gineer, Professor A. B. W. Kennedy, 
has quite recently designed a special 
conduit for certain sections, and this 
has been passed by the Council itself, 
which afterwards submitted the draw- 
ings and general details to the Board of 
Trade and the local authorities whose 
districts are to be affected by it. The 
London County Council is not so con- 
cerned about dividend earning as others 
might be, so that it will not be mate- 
tially affected by the extra capital out- 
lay per mile. The running cost per car 
mile will necessarily be higher than for 
trolley if one adds the interest on capital 
outlay. £30,000 per mile of double 
track is to be about the cost of the 
conduit lines. This is an enormously 
higher sum to pay because of the differ- 
ence of London streets ; but it has been 
resolved upon, and the time is already 
so late for the metropolis to take its 
plunge in the direction of improved 
transport facilities that any change will 
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be acceptable to the populace, though 
perhaps not so pleasing to some of the 
advocates of other electrical systems. 
We are not aware at this moment how 
many miles are to be laid on the conduit 
principle of Professor Kennedy ; other 
central thoroughfares are to be supplied 
with surface-contact or stud electric 
tramways, though upon whose system 
is not yet decided. There are numer- 
ous methods to choose from, and all 
of these have, we believe, been inves- 
tigated. Battery traction, judging by 
what has recently occurred in America, 
on the Continent, and in this country, 
does not appear to have much of a 
chance, however desirable it may seem. 
We believe that battery traction will 
shortly have a further trial in this 
country, and of course we wish it well. 
Battery inventors and manufacturers 
have for years past been doing their 
best to produce cells of lighter weight, 
greater durability, and higher capacity 
per lb. of plate, and they have done 
good work. They have strained hard 
to obtain something commercially prac- 
ticable for automobile traction, and 
seem to have come pretty near to what 
has been hoped for, judging from the 
performances of some of the electrical 
vehicles which entered for the Auto- 
mobile Club’s recent trialruns. Another 
system of electric traction which it is 
proposed to introduce into the neighbour- 
hood of London is that known as the 
“‘Schuckert ”’ surface-contact system. 
The South - East Metropolitan Tram- 
ways Co.is at the moment negotiating for 
permission to equip lines at Greenwich 
One Mie princi pic wml neesS = chuckerue 
system, of which full ilustrated 
description will shortly appear in these 
pages, has not been previously tried 
in this country, but for several years a 
section has been operating at Munich ; 
there valuable data has been obtained, 
from which further improvements in 
the system have resulted. 
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Tramways v. Observatories. 

We recently mentioned in these 
columns that the London United Tram- 
‘ways Co.’s new electric trolley lines 
in West London were approaching 
completion. They are ready for run- 
ning at any moment when the Board 
of Trade will allow them to be started, 
but at the present moment there is a 
more or less heated controversy pro- 
ceeding as to the effect of the return 
current upon the magnetic instruments 
at Kew Observatory. There appear to 
be two alternatives to set matters right 
—either the magnetic observatory must 
be shifted to some spot on earth where 
electric tramways are not likely to 
trouble it, or the Tramway Authority 
must, as required by the Board of Trade, 
lay down (at great cost) an insulated 
return and keep the leakage at its 
The matter really resolves 
itself into a question of ‘* Tramways 
versus Observatories.”” Which are of 
the greater consequence to the inhabi- 
tants of London, and to the engineering 
industry ? 
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Tall Buildings. 

The great Park Row Building of 
Chicago, illustrated in our frontispiece, 
shows what advancement is being made 
in that branch of civil engineering. 
Four hundred feet in height, and con- 
sisting of thirty stories, it is the most 
remarkable structure of its kind in the 
world. It is probable that the limit to 
height has been reached, not because of 
any constructive or engineering reasons, 
but mainly on account of the enormous 
cost of building and afterwards keeping 
in repair, making them, in the majority 
of instances, financial failures. Danger 
of fire also militates against further 
extension. 

Some of the large American buildings 
are in themselves small-sized towns, 
having their own elaborate sewage, 
waterworks, electric. lighting, heating 
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and lift systems. The buiiding we have 
illustrated has no less than a thousand 
suites of offices. 

As to constructive difficulties as stated 
by Professor Robert S. Ball in the 
ENGINEERING TIMES® :— 

‘“‘ We have not yet, even in the highest 
buildings, approached the limit of com- 
pressive stress which divides absolute 
safety from uncertainty. The steel 
columns on which the great system 
rests are strained to a small fraction 
of their ultimate strength, and such 
care provides a wide margin for con- 
tingencies which arise during the life of 
any structure. The highest wind acting 
on the enormous broadside is provided 
for in the design, and eccentric loading, 
or the loading of one side of a column 
to the exclusion of the other, is met by 
increased section of metal to compensate 
for the severe strain to which engineers 
are aware that such members suffer 
under conditions of this kind. 

““The cheapest brick would resist 
crushing under a uniform column of 
eight hundred feet high of the same 
material, and inferior granite would 
sustain a column of four thousand feet 
without giving way. When we come 
to steel, we find that a column of 
uniform diameter three miles high 
would resist crushing if made of 
the poorest product of the open hearth 
furnace when the effect of bending is 
neglected, so that, though the columns 
and walls of a building transmit the 
floor loads, in addition to their own 
weight, to the oundations, we need 
have no apprehension concerning the 
materials which the builder of to-day 
has at his disposal. Structural steel, 
never so cheap as at the present time, 
forms the basis of these large structures, 
and to the great skeleton of this material 
is attached the external coating of terra- 
cotta, brick, or stone, which hides the 
real and essential part of the structure, 
ap thal. ote Mol TLGN ous a 
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and gives it the appearance of being E. H. Maw, co-editor with Mr. James 
wholly the work of the mason or Dredge of our esteemed contemporary 
bricklayer.”’ Engineeyving. Mr. Maw is a well-known 
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New President I. Mech. E. engineer, and deservedly popular. The 

The new President of the Institution author of several books, the best known 
of Mechanical Engineers elected in of which perhaps is ‘“ Recent Practice 
succession to Sir William White is Mr. in Marine Engineering,” he has for many 
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years taken a keen interest in microscopy 
and astronomy. In connection with both 
subjects he has made useful research 
work. He is President of the British 
Astronomical Association. 
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A New Technical Monthly. 


‘Within recent years, almost within 
the last decade, a new science has been 
brought into being, and on its foundation 
new industries have been built, indus- 
tries which, if the vigour of their youth 
be in any way a measure of the strength 
of their maturity, bid fair to equal in 
extent and importance rivals which 
count their years from beyond the birth 
of civilisation. The science is the fas- 
cinating borderland between the domains 
of physics—and, in particular, electricity 
—and chemistry. The industries are 
those chemical manufactures 1n which 
electricity plays an all-important part: 
the electrolytic separation and purifica- 
tion of metals, the formation of soda- 
bleach and other alkaline products, the 
and materials 
yielded by the electric furnace, and 
other valuable substances too numerous 
to mention. There is one great industry 
indeed, which, but for the timely aid 
of electricity, would have remained 
undreamed of-——much less realised; we 
refer, of course, to the extraction of 
aluminium from its ores. In addition to 
these quite recent applications of electro- 
chemistry, we have the older industries 
of electroplating and the manufacture of 
batteries and accumulators.” To be 
the exponent of these industries is the 
vaison détve of the Electyo-Chemist and 
Metallurgist, the first number of which 
lies before us. Hitherto they have not 
possessed an exclusive representative 
paper, and the issue of this new periodi- 
cal therefore will fill a deep-felt want. 
A rough estimate of the character of 
the journal may be formed from the 
following titles of some of the articles 
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which appear: ‘‘ Some Recent Progress 
in Electro-Chemistry”’; “On Some of 
the less well-known Carbides, Borides, 
and Silicides,” by R. S. Hutton ; ‘* Elec- 
tro-Chemistry at the 1g00 Paris Exhi- 
bition ’’; ‘Deposition of Metals from 
Mixed Electrolytes,” by Professor R. A. 
Lehfeldt; ‘* The Present and Future of 
Accumulators,” by E. J. Wade, ete. 
Space is also given to Reviews of books, 
Abstracts from contemporary foreign 
journals, New Patents, Correspondence, 
and Chemical and Metal Trades Reports. 
It will be seen, therefore, that this 
journal is representative in character, 
and so should receive the support of 
manufacturers and dealers and all con- 
nected with the electro-chemical and 
metallurgical industries. We wish our 
contemporary a long and prosperous 
career. 
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No more Submarines for U.S. Navy. 


In explanation of its decision against 
building more submarine torpedo boats 
at this time, the American Naval Board 
on Construction has filed a report with 
the Secretary of the Navy, in which it 
is pointed out that the failure of the 
General Board of the Navy and the 
Construction Board to include torpedo 
boats in their building programme for 
this year ‘‘may be accepted as con- 
clusive evidence that they did not 
consider it advisable at this time to 
increase the number above those now 
authorized.” The Board shows that 
it regards submarine boats as experi- 
mental, and asserts that the tests of the 
Holland at Newport last year, ‘‘ were 
interesting, and answered the purpose 
for which they were intended, namely, 
to instruct the crew, but nothing more.” 
As to these experiments with the Holland, 
the Board says: 

‘¢ During the manceuvres of the North 
Atlantic fleet off Newport last summer, 
the Holland participated, making a sur- 
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face run of seven miles outside Newport 
harbour, in charge of her naval crew 
only, and succeeded in getting within 
striking distance of the battleship Kear- 
sage without being discovered, due, no 
doubt, to her small size. She was ruled 
out, however, as the Kearsage had 
already been put out of action by 
another ordinary torpedo boat, which 
also got within. striking distance un- 
perceived, and it has been stated that 
on account of the latter the vigilance of 
the lookouts on the Kearsage had been 
relaxed when the Holland made the 
attack. Be that as it may, the con- 
ditions by no means simulate the actual 
warfare, and the Holland was not on 
that occasion used as a submarine boat, 
nor did she accomplish more than an 
ordinary torpedo boat.” 

The opinion is expressed by the Board 
that the price of $170,000 each for the 
submarine boats authorized is very high, 
unless the expenses of the Holland Com- 
pany in developing the boat are taken 
into consideration, in which case the 
price is not excessive. ‘‘ Without de- 
siring to discredit the Holland in any 
way, or to detract from her merits,” 
the report says, ‘“‘the Board is of the 
opinion that the utility of the boats of 
this class has not been sufficiently 
demonstrated to warrant the  con- 
struction of others than those already 
authorized — eight in number — which 
are considered a sufficient number to 
experiment with.” 

In conclusion the Board had this to 
say: ‘‘Should Congress see fit to 
authorize any more submarine boats, 
the Board is of the opinion that no 
special type should be specified, but 
that the Secretary of the Navy should 
have discretion to contract for such 
boats as in his judgment are likely to 
prove the most efficient and the best 
suited for naval purposes, thus opening 
up competition and giving other in- 
ventors a chance.” 
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Record Bridge Building. 


The Widnes Foundry Company are 
said to have established a world’s record 
in bridge construction. On Nov. roth 
the Crown agents for the colonies ordered 
a steel bridge, 520 ft. long, for the Lagos 
and Kumasi Railway, to be erected at 
Abeokuta, across a tributary of the 
Niger. The bridge is in six spans. It 
had to be ready in nine weeks, three 
weeks less than was allowed for the 
much less difficult Tugela Bridge. The 
Widnes Company have beaten the 
makers of the Tugela Bridge by three 
weeks. 
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Continental Electrical Machinery. 


Our Sheffield Representative sends 
us a copy of the Report by Mr. Edgar 
Fedden to the Electric Light Committee 
of the Sheffield Corporation on Conti- 
nental practice in single-phase and poly- 
phase alternating systems. This report 
contains some very interesting impres- 
sions of the state of electrical enter- 
prise—especially central station work— 
in Franceand Germany. The following 
are his concluding observations :— 

The employment of high-pressure 
alternating currents, preferably of the 
poly-phase type, have given a tremen- 
dous impetus to the growth of electrical 
undertakings for the transmission of 
power over large areas throughout the 
Continent. 


Alternating currents are successfully 
generated and transmitted at high volt- 
ages without the use of step-up trans- 
formers, as has been usual in American 
practice. 

Alternating currents are now employed 
for work which a short time ago was 
considered to be totally impossible. 

Poly-phase machinery is long-lived on 
account of the simple and solid construc- 
tion of the type of generators and motors. 

Owing to the great development of 
high tension alternating current the 
switching and controlling gear has been 
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completely remodelled and greatly 1m- 
proved within the last few years, in order 
to meet the severe demands made upon 
it, without risk of breakdown or danger 
to attendants. 

Poly-phase motors will in particular 
be used in preference to continuous 
current in mines and foundries, and 
other places of similar description, on 
account of the rough treatment and 
heavy duty which they can withstand, 
and also because no skilled attendance 
is required. 

Poly-phase motors are now being used 
on the Continent for driving jib-cranes, 
travelling cranes, traverses, rolling mills, 
turn-tables, plunger pumps, _ rotary 
pumps, centrifugal machines, lifts and 
elevators. They are also adapted to all 
kinds of ventilators, ring spinning frames, 
weaving looms, and in fact almost 
every type of machinery. 

I made numerous inquiries at the 
different factories I visited with regard 
to the use of two and three-phase current, 
and was informed that they were prac- 
tically the same as regards efficiency, 
duty and starting torque. 

The only apparent benefit of three- 
phase over two-phase is in the saving of 
copper in the mains for long distance 
transmission. 

There are a large number of installa- 
tions on the Continent which are most suc- 
cessfully run by two-phase alternators. 

The largest two-phase induction motor 
which I believe has ever been made is 
that manufactured by the Brown, Boveri 
Company. It is 1,000 h.-p., taking 5,000 
volts direct, and is connected to acentri- 
fugal pump running at 455 revolutions 
per minute. This set is used at the 
Geneva: waterworks for pumping water 
to a height of 460 ft. 

Not the least remarkable feature of 
this combination is that a centrifugal 
pump should be employed for throwing 
water to so great a height. 


Poly-phase traction is now being 
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used on the Continent for a number of 
mountain railroads, and I quite expect 
that within a few years it will become 
general for light railway work. 

The electricity supply works of the 
later construction are designed and built 
sufficiently capacious for the reception 
of machinery that may be required for 
some years to come, although this places 
a rather heavy burden on the starting of 
a new undertaking. ‘They are generally 
well-designed, spacious, lofty, and well 
ventilated. The walls are all faced with 
enamelled brick, and the floors are 
handsomely tiled. 

In most cases no pipes of any sort are 
above-ground, ample space being pro- 
vided underneath the floors for the 
reception of all steam, exhaust, water, 
and compressed air pipes, and all the 
necessary cables. The condensers are 
also placed underground. 

There is also every convenience for 
the comfort and welfare of the people 
connected with the undertakings. The 
chief engineer, his assistant, and the 
leading hands are usually provided with 
good house accommodation on the pre- 
mises, and in most cases superannuation 
funds are in existence to provide for the 
members of the staffs after a number of 
years of service. 

That Message from Mars. 

It has been stated by an authority, 
whose weight will be determined by the 
mental attitude of his readers, that the 
day is near at hand when we shall be 
able to communicate with the other 
planets and preferably with Mars. It 
seems that in searching for a suitable 
location for a laboratory in which to 
conduct experiments in the wireless 
transmission of energy, Nicola Tesla 
found the desired conditions at a point 
some ten miles from Pike’s Peak, at an 
altitude of several thousand feet above 
the sea. - During the ‘eight. or mige 
months wherein Mr. Tesla was busy 
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in the rarefied atmosphere of his labo- 
ratory, he seems to have produced some 
very spectacular effects ; for, whereas in 
his New York laboratory, he was able 
to produce electrical discharges only 
16 ft. in length, and of 8,000,000 volts 
pressure, he here gradually “learned 
how to confine electrical currents of a 
pressure of 50,000,000 volts; how to 
produce electrical movements up _ to 
110,000 h.-p.,” and that he finally suc- 
ceeded in “obtaining electrical discharges 
measuring from end to end too ft. and 
more.” Yet, in spite of his familiarity 
with 50,000,000 volt currents, Mr. Tesla 
did not disdain to study “certain feeble 
electrical disturbances, which, by their 
character, unmistakeably showed that 
they were neither of solar origin nor 
produced by any causes known to” him 
‘‘on the globe.” After deep thought upon 
the subject, he has finally ‘arrived at 
the conviction, amounting almost to 
knowledge, that they must be of planetary 
origin.” 

It would be interesting, and possibly 
vastly entertaining, to be supplied with 
the process of ratiocination by which 
Mr. Tesla deduces from the existence of 
certain puzzling electrical disturbances 
his “conviction, amounting almost to 
knowledge,” that these disturbances had 
been launched at our particular planet 
from some other planet (preferably 
Mars), that was desirous of intercourse. 
Signor Marconi has suggested that these 
disturbances (which seem to have worked 
with such brilliant results upon Mr. 
Tesla’s imagination) were due to atmo- 
spheric electricity which is especially 
active at such a high altitude as that 
of Mr. Tesla’s laboratory; and Sir 
Norman Lockyer pertinently asks why, 
if electrical energy had been transmitted 
from Mars, it should have made its 
presence manifest in Colorado only; 
since all magnetic observatories in the 
world would have been simultaneously 
aware of it? 
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That some of the planets may be 
inhabited is possible, and there is nothing 
in our present knowledge of electricity 
absolutely to forbid the hope that in 
some future day we may learn how to 
fling forth intelligible electrical impulses 
into inter-planetary or even inter-stellar 
space; but, as the Scientific American 
says, it will certainly need something 
more than mere observations of some 
unexplained electrical impulses on a 
Colorado mountain to prove to a demon- 
stration either the one proposition or 
the other. 


° 2 2° 


Economy Guarantees of High Speed 
Simple Engines. 

In a paper on the above subject read 
by Mr. E, J. Armstrong at a recent 
New York meeting of the Engine 
Builders’ Association, he said it was 
his belief that the single-valve auto- 
matic is not always given a fair chance. 
The matter of economy does not always 
receive consideration. The engine that 
runs smoothly, noiselessly and punctually 
will have friends and purchasers whether 
it uses much or little steam. Mr. Arm- 
strong had no desire to advocate im- 
provement in economy to the detriment 
or neglect of other qualities which go 
to make up successful machines, but he 
believed that many engine builders had 
but a very imperfect idea of what their 
own engines were capable of. If the 
subject were more amenable to mathe- 
matical treatment, the case would be 
different ; but in spite of the marvellous 
advancement in science at the end of 
the century, he believed that the exact 
formula for the economical performance 
of the steam engine has yet to be written. 
In view of the fact that the steam used 
by an engine often costs each year as 
much as the engine itself, it would seem 
as if the customer might consider steam 
economy as of first importance and price 
as a bad second. Yet even a small dif- 
ference in price or a personal preference 
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will decide a purchase without raising 
the question of economy at all. A dif- 
ference of Io per cent. in steam con- 
sumption between two engines might 
easily place the more wasteful one in the 
position of being too expensive, even as 
a gift; but there is no doubt that there 
have been, and still are, even greater 
differences than this between engines 
that are sold on equal terms. It is 
singular that customers who figure so 
closely on other matters should be so 
careless and unbusinesslike in this, or 
that builders should expect to market 
engines with no economical record and 
not even a pedigree. Mr. Armstrong 
believed that this rather anomalous con- 
dition of things would soon be brought 
to an end; that for years there had been 
an increasing tendency among customers 
to raise the question of steam consump- 
tion, and that builders of engines must 
recognise and prepare to meet a demand 
for definite promise and performance in 
the matter of economy. ‘This should be 
welcomed, not as a hardship, but rather 
as an opportunity. It is essential to 
obtain more exact data concerning the 
performance of automatic engines, and 
in making efforts to improve the quality 
of work turned out, the first step is a 
systematic effort to find the defects in 
that work. The first move in reducing 
cost is to find out what things are 
costing, and the way to improve the 
economy of engines is to test them sys- 
tematically and to learn their deficiencies. 
It is not usually practical to test 
engines of small size after installation ; 
the expense is disproportionate and the 
difficulties in the way of obtaining 
accurate results are great. The lability 
to error and the impossibility of running 
preliminary tests make it unsafe to make 
close guarantees to be demonstrated in 
this way. The proper place to test an 
engine is on the shop-testing floor. With 
properly arranged apparatus tests can 
be made there in a short time and at 
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little cost. In estimating the steam 
consumption of an engine of a size or 
under conditions which have not yet 
been tested, there were two ways of 
figuring; one was to determine the 
losses in the engines separately from the 
steam accounted for by the card. This 
method, while quite complicated, is the 
more accurate of the two and is some- 
times very valuable in working out a 
close guaranty. The other plan is simply 
to learn the general effect of the different 
conditions which affect economy and to 
use some previous tests as a basis. Mr. 
Armstrong added that the building up 
of a better reputation for automatic 
engines was well worth the attention 
of ts manufacturers. No guarantee of 
economy should be given unless its ful- 
filment by actual trial is provided for. 
Where there is no certainty that a test 
will be made, there is the temptation to 
give a lower water rate than would be 
the case were its fulfilment one of the 
conditions, especially if accompanied by 
penalties for failure to meet the terms of 
contract. This question of penalties, 
although considered quite onerous by 
engine builders, if not provided in the 
contract, the only penalty is the non- 
acceptance of the engine; and as this is 
often impracticable because of lack of 
time, there is a good chance that the 
geuaranteeisnot worthanything. Definite 
penalties at least have the effect of pro- 
tecting those who really make their 
guarantees in good faith and with a 
knowledge of what they can do. There 
is nothing wrong about it from the pur- 
chaser’s standpoint. <A deficiency in 
economical performance means a direct 
and ‘continuous . loss “to him.) -geam 
There is one feature of the situation 
that is manifestly unfair and calls for 
remedia action. Better economy costs 
money. It may not actually cost more 
to build the high duty engine than a 
wasteful one, but it costs a good deal 
more to learn how, and to keep up the 
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standard afterward. It costs money to 
tune an engine up to meet a close 
euarantee, and testing engines is an 
expensive business at the best. There 
should certainly be an addition to the 
price when guarantees are required. 
Mr. Armstrong suggested that all duty 
suarantees should provide or their ful- 
filment on the shop-floo test before 
shipment and should always be con- 
sidered as an extra, it being optional in 
all cases with the purchaser to accept 
the proposal with or without the 
guarantee. If the guarantee does not 
mean anything, it should not be made. 
If it does stand for something, it costs a 
good deal and is worth to the customer 
all that he is likely to be asked for it. 
Shipbuilding in 1900. 

From the yards of the United Kingdom 
there were launched last year, exclusive 
of warships, 1,442,471 tons gross of 
shipping ; the rest of the world turned 
out 861,692 tons. If warships be in- 
eimacd, the figures are: For the United 
world Kingdom, 1,510,835 tons; for the 
Metaide.6 1,053,792 tons. Speaking 
roughly, then, we have a clear lead 
of the rest of the world combined by 
Sem@tamsoyper cent. Our chief com- 
petitors are the United States, with 
an output last year of 358,557 tons; 
Germany with 260,751 tons; France 
with 165,348 tons. No other country 
reaches 100,000 tons, the nearest being 
Italy, whose Government bounties have 
brought the year’s construction up to 
67,522 tons. 
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A New Steam Meter. 

A meter for measuring the amount of 
steam which flows through a steam pipe 
has been introduced in Berlin by A. 
Iriedeberg. It is described as follows : 
Inside a horizontal length of the main, 
a flap-plate, hung from a horizontal axis, 
actuates, through an internal sector and 
rack, a conical plug valve controlling an 


fl 


opening in the top of the main. When 
no steam is being used, the plate hangs 
vertically and keeps the valve closed ; 
when steam is flowing through the main, 
it turns the plate more or less toward a 
horizontal position, thereby opening the 
valve correspondingly, and the steam 
escaping through the valve is condensed 
ina worm. The water from the worm 
is either collected in a measuring tank, 
provided with a gauge-glass, or is de- 
livered upon a bucket wheel, the revo- 
lutions of which are indicated upon a 
counter arranged to show the corre- 
sponding quantity of steam flowing along 
the main. 
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Engineering Training. 

Mr. W.-H. Allen. writes in The Ap- 
pomtments Gazette on engineering train- 
ing: It is somewhat difficult for young 
men desiring to become engineers to 
foreshadow their curriculum owing to 
the fact that no method has hitherto 
been thought of to direct the mind for 
the purpose. 

Many parents have an idea that if 
their sons are unable to take up the 
positions of soldiers or clergymen they 
will make engineers, little thinking, 
perhaps, that the profession requires the 
very highest brain power the country 
can produce. 

It is of very little use for any young 
man to enter the vocation unless he has 
a natural and keen inclination for it, as 
engineering, like all other pursuits, 
should have love of the occupation 
entwined with it in such a fashion that 
the toil becomes a pleasure in life. An 
engineer, to be a thoroughly qualified 
one, must have the theoretical principles 
instilled into him in early youth. The 
engineer of the practical form only, 
will find a great difficulty in keeping 
pace with the many brilliant young 
men who, having college education, 
are constantly finding practical posts 
in the different works in the country. 
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Probably the best plan to come to any 
determination would be to consider 
whether a lad is fond of books, not only 
those which give general descriptions 
of the achievement of engineers, but 
also of the books brought before him 
for general educational purposes. If so, 
it becomes quite a question whether it 
would be desirable for him to take his 
degree before entering the works or 
vice versa. Certainly he should have 
some college training to be an engineer, 
but it would depend very much upon 
the bent of the man himself as to 
whether he should acquire this before 
entering the works or afterwards. If 
his mind is that of a student, let him 
graduate in college first, but if he is 
anxious to begin with manual work it 
would be desirable that he should be 
placed in the works direct from school. 
My experience with men who have left 
college shows that they immediately 
settle down to business; the natural 
desire for fun, so apparent in all school- 
boys, has disappeared, and they begin 
at once to realize the value of time. 
The earnestness with which most col- 
lege men have gone into the workshops 
is very apparent. On the other hand, 
several young men who have been here 
have found it an advantage to train the 
hands and mind after the manner of 
workshop routine in the first instance, 
and have then been able to understand 
more readily some of the deeper work 
of the University. The proper course 
to pursue would, however, depend very 
largely upon the natural talent of the 
particular student considered. 

The training for young engineering 
students should certainly have in view 
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a thorough knowledge of mathematics, 
so that all forms of mechanism which 
have to be designed and worked out can 
be done in the ‘first instance mathe- 
matically. Many engineers differ on 
this point, but the writer prefers young 
students to consider their judgment in 
conjunction with the formula, it being 
remembered that every formula which 
is now used has been reduced to reliable 
form, the result of constant experiment 
and investigation, and is in no way hypo- 
thetical. It is clear that any-one trained 
under these conditions of combined 
theory and practice should be able to 
take an early place of usefulness in the 
works of engineers. o 
U.S. Patent Office Business. 

The report of the Commissioner of 
Patents on the business of the patent 
office for the fiscal year ended June 30, 
1900, shows that there were received 
within that year 39,815 applications for 
mechanical patents, 2,263 applications 
for designs, go applications for reissues, - 
1,739 caveats, 2,103 applications for 
trade-marks, 872 applications for labels 
and 127 applications for prints. There 
were 26,540 patents granted, including 
reissues and designs ; 1,660 trade-marks, 
682 labels and 93 prints were registered. 
The number of patents that expired was 
19,988. The number of allowed appli- 
cations which were by operation of law 
forfeited for nonpayment of the final 
fees was 4,052. The total receipts of 
the office were $1,358,288.35; the total 
expenditures were $1,247,827.58, and 
the surplus of receipts over expendi- 
tures, being the amount turned into the 
treasury, was $110,400.77. | 


THE FEED WATER OF SFEAM BOILERS 
CHEMICALLY CONSIDERED. 


By H. C. STANDAGE. 


HE question of the suitability or 
otherwise of the water used in 
the production of steam is one 

of the most important to all steam 
users, whether it be raised in large or 
small quantities. This is so because 
water that is used for such purpose is 
never chemically pure or free from solid 
matter. The solid matter present in 
water is the béte now of all steam 
raisers, for this reason, that it 1s almost 
impossible to effectually remove the 
whole of the solid impurities commen- 
surate with the commercial cost of 
effecting same. The solids in water are 
not only injurious to the metal, but by 
being deposited in a solid incrustation 
on the metal, increase the cost of fuel 
to a very great extent, and at the same 
time increase the wear and tear of the 
boiler plates, thus effecting a double 
injury; a film of incrustation 1th of an 
inch thick will necessitate the use of 
16 per cent. more fuel than would be 
required if the boiler plates were clean. 
A film 4 in. thick increases the con- 
sumption of fuel 50 per cent., while a 
coating of scale 4 in. thick increases 
the amount of fuel required 150 per 
cent. to produce the same amount of 
- steam. Apart from this increased (and 
waste) consumption of fuel, the plates 
are materially damaged by the over- 
heating to which they are thus sub- 
jected, and*they are also subject to 
mechanical damage in the endeavour to 
remove the incrustation. As the layer 
of incrustation the 


prevents water 
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reaching the metal, the plates become 
hotter than they would otherwise do. 
For example, the temperature of water 


bouing under atmospheric pressure in 


a clean vessel would not be more than 
10° C. above the boiling point of water, 
but with an incrustation of only 
= th of an ich; the temperature of 
the water is more than 100° C. higher 
than the boiling point. This increased 
temperature materially affects the 
mechanical properties of the metal 
composing the boiler plates, and, zpso 
facto, the life of this is_ shortened. 
These few preliminary facts show the 
importance attaching to the quality of 
the feed water, and the necessity for a 
knowledge of same on the part of the 
boiler attendant. To help the latter 
individual to a knowledge of the 
chemical facts involved in the case, the 
present paper is written. 

WaterR.—In chemical composition 
water consists of two equivalents of 
hydrogen to one equivalent of oxygen, 
its chemical symbol being H,O (to 
avoid confusion the older form of 
chemical notation will be adhered to 
in this article). With the exception of 
distilled water, no water is ever found 
of such absolute chemical purity as to 
consist of these two chemicals only ; 
many other substances are found in 
water, not chemically combined but 
simply mechanically mixed with the 
fluid. This distinction must be borne 
in mind, as all operations for the puri- 
fication of water are devised with a 
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view to eliminate the solid matter which 
is held in suspension, and although 
many of these may depend on 
chemical reactions occurring between 
the solid matter and the substances 
added to the water to effect the re- 
moval of the solids, the water itself 
remains unchanged in its’ chemical 
composition. For example, a water in 
which sulphate of calcium (CaSO,) is 
simply a mixture of (fluid) H,O and 
(solid) CaSO, held in suspension, and 
even though this calcic sulphate may 
be chemically changed into solid* sul- 
phate (Na,SO,) by the addition of 
carbonate of soda (NagCO,) to the 
water, the fluid will still consist of 
water plus the salts of sodium and 
calcium, ¢.g., 
H,O + CaSO,*+ Na,CO; = 
H20 + NagSO,4 + CaCOQOs. 

By the above equations it is shown 
that water containing solid calcic sul- 
phate, when carbonate of soda (which 
is soluble in the water) is added, 
still remains water plus the addition 
of sulphate of soda (Na,SO,, which 
is a salt also soluble in water) and 
calcic carbonate (which is a_ solid 
body insoluble in water). In other 
words, although the calcic and sodic 
salts have been changed in composi- 
tion, such changes have not affected 
the chemical composition of the water in 
which such changes occurred, but that 
the fluid still consists of H,O. It is 
well to bear this fact in mind, so as 
to thoroughly appreciate the reactive 
changes that are chemically brought 
about (and expressed below) during the 
additions of mineral matter made to the 
water to effect the elements of the solid 
impurities in it which are injurious to 


the boiler, or hinder steam raising. 
Roughly speaking, there are three 


classes of water. 


* The sodii sulphate will be a solid only when the water 
becomes concentrated sufficiently to allow the sulphate to 
crystallize. 
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CALCAREOUS WATERS.— [ hatis, water 
containing salts of calcium ; these waters 
are usually ‘‘ hard” waters. 

Praty Waters.—These are usually 
soft, but contain a lot of vegetable 
matter, which is rich in free oxygen. 

SALINE WatTeERS.—These waters are 
usually alkaline, and contain soluble 
salts of metals and non-metals. 

There are several other classifications, 
such as spring water, rain water, river 
water, sea water, etc., but any one of 
these can be placed in one or other of 
the above classes of water, their special 
names indicating their source of origin. 

Spring water may be “‘ hard” or ‘ soft,”’ 
according to the source of origin or 
geological stratas it has passed through 
in its course to the ‘‘ spring” from which 
it issues. Thus, if it has passed through 
any cretaceous or limestone stratait will 
be of a calcareous nature. Spring water 
that has passed through sandstone and 
other strata that is free from lime, 
magnesia, and other alkaline earths will 
usually be found to: bem =soi pur 
ferruginous salts may be present. 

Water that has drained from bogs, 
meadows, or morasses will be of a peaty 
nature, and contain vegetable refuse and 
salts of a vegetable nature (oxalic acid, 
etc.), as well as various mineral salts. 

Rain water is usually considered to 
be free from solid matter, but it is 
never pure. As a matter Of fact, 1b snas 
carried down in its course through the 
air all the impurities therein (gases, 
soot, vapours, etc.). In addition to 
this, rain, in pouring over roofs, gutters, 
etc., of buildings, will carry a lot of 
dirt and refuse. 

Saline water will 
soluble salts, as sea-water, water of 
estuaries, and mouths of rivers. It will 
thus be seen that it is next to impossible 
to obtain a pure source of water that is. 
free from impurities, which are all more 
or less injurious when such waters are 
used as feed waters of steam boilers. 


be such as contains. 
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(the use of filtered or ‘‘ potable” water, 
such as is used for domestic purposes, is 
excluded from consideration on account 
Of its cost (7.2., to filter)’. It will thus 
be seen that it is a sine qua non to have 
the water of the district which supplies 
the feed water analysed by a skilled 
chemist, so as to know its actual impuri- 
ties, and therefore make suitable allow- 
ance for same when feeding the boiler, 
or treating it to prevent incrustation. 
The following table will give the usual 
mineral impurities found in calcareous 
(‘“‘hard’’) and peaty (‘‘ soft ’’) waters. 


MINERAL IMPURITIES IN CALCAREOUS WATERS. 
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MINERAL IMPURITIES IN SOFT (PEATY) WATERS. 


| 
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A closer consideration of these several 
classes of water will give us a more 
intimate knowledge of the usefulness 
and otherwise for feed water purposes. 
“ Hard’ waters are waters that have 
been in contact in any way with calcic 


carbonate,and willcontain asmall portion 
of this carbonate, but ifthe water be free 
from carbonic dioxide (CO;, commonly 
called ‘‘ carbonic acid’’), the presence of 
the carbonates will be indicated by a 
cloudiness or milky colour being given 
to the water, such colour being due to 
the carbonate being merely mechanically 
suspended in the fluid, but small quan- 
tities of calcic carbonate may also be 
present in the water without giving any 
such evidence of its presence. Where, 
however, the water has been obtained 
from districts rich in lime, chalk, or 
other calcareous salts, then the water 
will contain a quantity of carbonic 
dioxide. Now it is a fact to be noted 
that when water contains carbonic 
dioxide, such water will hold in solu- 
tion (not mechanzcally suspended) carbonate 
of calcium, magnesium, etc. 

It is supposed by some authorities 
that the carbonic dioxide unites with 
the calcic carbonate, and forms therewith 
calcic bicarbonate of the composition 
CaH, (CO.),, but as there is always 
a surplus quantity of CO, present in 
the water (more, in fact, than suffices 
to combine with the carbonate to form 
it into bicarbonate), the CO, that is 
in combination with the carbonate is 
termed ‘“half-bound,”’ and the surplus 
COs isecallede ices 

Now another fact to be noted is 
that when water containing carbonates 
in solution is boiled, the carbonic 
dioxideyiicm expelled sby.) tieslcar wand 
the carbonate is thus present in the 
water in its solid form, and, as a con- 
sequence, settles or falls to the bottom 
of the fluid. Such deposit of calcareous 
carbonate in a feed water is usually in 
a powdery or pulverulent state. When, 
however, calcic sulphate is present in 
conjunction with calcic carbonate, then 
the deposit formed by the precipitated 
salts (calcic carbonate and sulphate) is a 
very dense, hard, and coherent one, so 
dense, in fact, that it is very difficult for 


the heat of the furnace to pass through 
(vide supra). ‘The precipitation of the 
calcic sulphate is not affected by the 
temperature of boiling water 212° F. 
under atmospheric pressure, but when 
the temperature of the water in the 
boiler is higher, then the calcic sulphate 
is precipitated in the anhydrous form 
(as CaSO,)—that is, without the water 
of crystallization. 

In the following tabular analysis of 
hard boiler incrustation from hard cal- 
careous waters, the pressure being 50 1b., 
it will be seen that the calcic sulphate 
is freely precipitated. 
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Carbonates of magnesia are similar to 
carbonate of calcium in rendering water 
“hard. _ Jnithe casewt these salts jot 
calcium and magnesia which can be pre- 
cipitated by boiling the water the “ hard- 
ness” is only temporary, but when other 
salts of these metals, such as calcic and 
magnesia sulphates, chlorides and 
nitrates are present, then the hardness 
of the water is permanent, because such 
salts are not thrown out of solution 
by boiling the water. 

As the carbonates are not precipitated 
by boiling the water under atmospheric 
pressure, but only under the pressure 
obtainable in a boiler, it is not possible 
to determine,except by actual experience, 
whether the ‘‘hardness”’ of water is 
temporary or permanent. Neither is 
it easy to determine, except by actual 
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experience with the water, what will 
be the amount of incrustation or scale 
deposited. Evena preliminary analysis 
of the water will not disclose these facts. 
Nothing but actual experience with the 
water under working conditions will 
give accurate results. - Theréjas one 
good resulting from the use of a hard, 
calcareous water that produces much 
scale, viz., that such water will not cause 
corrosion ot the boiler plates, but will, 
in fact, prevent them from corrosion. 
Asa matter of fact, a very thin film of 
such incrustation is a positive protection 
to the plates, but for economy of fuel 
the film should not be too thick. 

The following explanation concerning 
the nature of hard water will show in 
what way these calcic salts act :— 

The Saponification of Hard Water.—The 
term ‘‘ soap’ is applied to the compound 
which is formed by the action of alka- 
lies and oxides on the fatty acids of oil 
and fats, the combination of the two 
bodies (7.e., alkali and fatty acids, or 
oxide and fatty acids) producing the 
compound which we term soap. ‘Thus, 
in the case of common hard (soda) soap 
when sodu hydroxide (NaOH) is added 
to anacid oil or fat, the sodium combines 
with the fatty acids (oleic, stearic, 
palmatic, to form oleate, stearate, and 
palmitates), they comprising all what we 
call ‘‘soap,” while the hydroxyl (OH) 
in the sodii hydroxide combines with the 
basic radicle glyceryl (C, H;) of the oil 
or fat to form 


Z OH 
Glycerine ( C3H; { OH ) 
( OH 
The following equation exemplifies the 
reaction of the soda-lye on the olein of 
linseed o1l— 


} CysH 3302 ) 
C3Hs 4 CigHs330¢ } + 3NaOH = 
| CysH 3302 
Olein Sodii hydroxide 
OH 
C3Hs 1 OH ae 3NaCygHa30¢ 
| OH 
Glycerine. Sodii oleate soap. 
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Now it should be remembered that the 
soaps formed by the alkahes sodium and 
potassium form soaps which are miscible 
(soluble) in water. It should also be 
noted that oxide of many metals acts 
towards the fatty acids of oils and fats 
precisely like caustic alkalies; that is, 
such oxides combine with the fatty acids 
to form oleates, stearates, etc., of the 
metal (in other words, such oxides are 
said to be ‘“‘ saponified,” 7.¢., a metallic 
soap is the product of such union). 
These metallic soaps are more or less 
soluble in water, but some of them 
are positively insoluble, such, for in- 
stance, as the metallic soap formed by 
calcic salts. (It is easy to prove this 
by mixing a little lime with water, 
allow the water to stand until clear, 
and then, after putting a spot of oil in 
the palm of the hand, dip the other 
hand in the lime water, and then rub 
the two palms together, when the oil 
will become of a curdy mass that is 
repellant to the water, and makes the 
hands seem hard and harsh to rub 
together. ‘The oil, in fact, has become 
converted into a small piece of lime 
soap, which is insoluble in the water, 
and has no detergent properties what- 
ever; that is, such a curdy mass will 
not mix with any fat or oil so as to 
emulsify same in water (common 
laundry soap will unite with oil, fat, 
etc., and allow same to be dissolved in 
water). It is due to this non-soluble 
nature of lime soaps that waters con- 
taining calcic salts are termed “ hard.” 
They will not lather while the calcic 
salt is present. A lather is the pro- 
duct of the union of the detergent soap 
with the fatty body or grease it is 
intended to remove or cleanse by wash- 
ing same with the soap. The lather, 
in fact, is the emulsified form of suet 
fat or grease. The lather produced by 
a soap is a good characteristic test of 
its quality. Now the presence of this 
curdy, non-miscible compound in a 


water is extremely injurious to the 
“life”? of a boiler (which we shall see 
when treating of the various corrosive 
and destructive agents that act in the 
interior of a boiler). The following 
equation expresses the chemical _ re- 
actions that occur when water contain- 
ing calcic carbonate is brought into 
contact with the fatty acid contained in 
common sodium soap :— 
CaSO, + 2NaCpHss0, = 
Calcic Sulphate + Sodii stearate * 
NasCO3 + Ca(CigH§sOa)s 
Sodii carbonate + Calcic stearate 
(i.e., lime soap ) 

The above equation also expresses 
the fact that 100 parts of calcic car- 
bonate will react with 612 parts of 
common soap to form 606 parts of an 
insoluble lime soap (the curdy mass 
which is found on mixing soap with 
limey water). 

Now suppose the feed water contains 
20 grains of lime per gallon of water, 
then each gallon of water will cause the 
formation of 122 grains of lime soap. 
This number of grains multiplied by 
the number of gallons of feed water, 
passed through the boiler in a given 
time, will give the number of pounds 
of lime soap formed therein from the 
use of hard water. The above equa- 
tion refers to calcic carbonate, but for 
all practical purposes calcic sulphate 
may be considered to have the same 
action as the carbonate. Consequently, 
when both carbonate and sulphate of 
calcium are present in the water, a still 
further increase of lime soap is produced. 
As the soap produced by magnesia salts 
is also a hard, insoluble one, we then see 
what a very large amount of injurious 
matter there is in a feed water which 
contains the carbonate and sulphate of 
LHeScet tals el Ctm Use DO Well ls OUl 
attention to the quality of ‘‘ soft ’ water. 

Rain water that is collected from 


* The chief fatty acid in fat and grease is stearic ; conse- 
quently the soap produced is a steaiate. NaClgH330¢ is 
oleate of sodium; NaCygHss5O2 is stearate of sodium. 
Oleates are usually semi-solid stearates solid masses. 
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roofs free from metal is very free from 
mineral matter, and is considered the 
purest of all ‘‘soft’’ waters. Akin to 
rain water is water which has percolated 
through silicious strata, and much 
soft water that passes over meadows, 
bogs, marshes, along streams, and takes 
up a quantity of peaty matter from 
the vegetation over which it flows; 
the facility with which such peaty 
matter is taken up being facilitated by 
the absence of calcareous matter in the 
water. The peaty ma ter thus taken up 
consists chiefly of vegetable acids, and 
such acids, when in contact with calcic 
salts, form insoluble salts, which are not 
dissolved by hard water. For example, 
the vegetable acid, oxalic, forms the 
insoluble oxalate of calcium. If these 
vegetable acids be not neutralized by 
combination with other bodies, they 
impart a feebly acid quality to the water, 
and thereby render it liable to set up 
corrosion of the boiler plates. 

In peaty water, as in all natural water, 
there is always a quantity of dissolved 
or free oxygen; consequently, as such 
waters run over earths rich in metallic 
salts, this oxygen combines more or 
less with the metals to form an oxide. 
For example, a water that contains free 
oxygen, when passing through sand 
that is deeply stained with oxide of iron, 
will become highly charged with salt of 
iron (become ferruginous) ; so likewise 
will other earths that contain ores or 
salts of metals. Now the oxides that are 
thus formed are basic in character, and 
by combining with the peaty acids, set 
up a chemical reaction on the metal of 
the plate,and corrodesame. The actual 
nature of the various metallic salts that 
are present in such peaty water can be 
determined only by analysis, and in 
many cases there are substances present 
which will act on lead and other metals, 
as well as on theiron boiler plates. The 
analyses given above indicate the nature 
of the metallic salts found in soft waters. 
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The third-class, saline waters, is typified 
by sea-water. This, however, is a 
very extreme case, but other saline 
waters are depending on local circum- 
stances, as, for example, the geological 
nature of the district in which they 
abound or have passed through, the 
nature of the mines near which the 
water is located, etc. The exact nature 
of the saline matter present must be 
obtained by analysis. The following is 
an analysis of the water of the Irish Sea, 
and represents an average composition 
of sea-water. In particular districts, 
however, as, for example, estuaries, and 
proximity of rivers, bogs, and the 
geological nature of the land forming 
the coast, the concentration of the 
water varies, but the proportion of the 
salts to each other is pretty constant. 


CONSTITUENTS OF THE IRISH SEA (IN PARTS 
PER THOUSAND*). 


Parts per 


Thousand. 
Sodii chloride, NaCl ............ 26°44 
Potassa chloride; KCl. 37 075 
Magnesia chloride, MgCl, ...... 315 
Magnesia Bromide, NgBry...... 0°07 
Magnesia sulphate, MgSO, ... 2°07 
Calcic Sulphate; CaSOQ,;23222 1°33 
Calcic carbonate; CaCQOns--- a 0°05 
TOdim oo i sicce scan tecscesnseeaeeee Trace 
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As the sea-water is fed into a boiler, 
a point of concentration is reached at 
which the soluble salts begin to separate, 
and to ascertain this point it is necessary 
to test the water in the boiler from time 
to time by means of a salinometer (a 
special form of hydrometer), which 
indicates the specific gravity of the 
water tested. When the point of 
greatest concentration is reached, the 
water must be thrown out. In boilers 
wherea large quantity of steam is raised, 
it 1s more economical to use conden- 
sing apparatus, instead of feeding the 


* Sea-water is so greatly concentrated when compared 
with ordinary saline waters, that it is best to express 
the constituents thus than in grains per gallon. 
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sea-water direct into the boiler. (We 
shall, in a separate paper, discuss the 
means adopted of softening and pumping 
boiler waters.) In the case of brackish 
waters that are obtained from the muds of 
rivers, they contain vegetable matter, in 
addition to the constituents found in 
sea-water, and are proportionately 
more injurious. On looking over the 
list of substances found in sea-water (as 
per analysis given above), it will be noted 
that, with the exception of calcic sulphate 
and calcic carbonate, all the other bodies 
are soluble in water. As a consequence 
of this insoluble salt, sea-water will in- 
variably give an incrustation when used 
in boilers, and such incrustation will take 
place even when the water is concentrated 
to a degree insufficient to permit the de- 
composition of the ordinary soluble salts. 

The following analysis of the incrus- 
tation given by sea-water will show the 


large percentage of calcic sulphate 
deposited :— 
Per cent. 
Saicie cat vonate,-CaCQOs ...... 0°97 
Calcic sulphate, GaSQ,  .:....... 85°53 
| Magnesia hydroxide, Mg(OH), 3°39 
Se Tiga tes ts Fc ee 2°79 
STU S 0 Fe I°Io 
Sesquioxide of iron, FeOs ... | . 
minima yAlOs- \..<ai.5..-.-. j es 
Meereanic matter ... 2.61 1..<2-20.s2- Trace 
RIGO. PSO a ee 5°90 
| 100°00 
The magnesia hydroxide (Mg(OH),) 


that is in the incrustation has been pro- 
duced by the decomposition of the mag- 
nesia chloride at the high temperature 
to which the feed water has been raised. 
Its production is also partially due to 
the decomposition of the magnesia 
carbonate that has been formed by the 
chemical changes engendered by the 
reaction of the calcic carbonate in the 
soluble magnesia salts inexcess. When 
we come to discuss the question of the 
chemical changes that have brought about 


corrosion of the boiler plates, we shall 
show that the amount of the magnesia 
hydroxide which results from decom- 
position of the magnesia chloride is a 
measure of the corrosive effect of this 
particular chloride on the boiler plates, 
as the following equation shows :— 


MgCl, + 2H,0 = Mg(OH), + 2HCI. 


Consequently the water in the boiler 
will be more or less acid when the source 
of the magnesia hydroxide is mag- 
nesia chloride only. When, however, 
this hydroxide has been brought about by 
the intervention of calcic carbonate, then 
there is no such production of HCl, e.g., 


ist: MgCl, + CaCOz3 = MgCO3 + CaClo. 
2nd: MgC0O;+2H,0= Mg(OH), +CO2+ H20. 


From the above equation it will be 
observed that the presence of calcic 
carbonate in sea-water is more bene- 
ficial than injurious, because carbonic 
dioxide is less corrosive on iron than 
hydro-chloric acid (HCl). 

The oxidation or corrosion of iron 
under water is by some authorities 
considered to be facilitated by the pre- 
sence of CO, plus free oxygen and 
moisture. The following analysis of 
the incrustation formed in a marine 
boiler shows that the chief constituent 
of the incrustation 1s calcic sulphate, 
and the secondary constituent is mag- 
nesia hydroxide. 


ANALYSIS OF SEA-WATER. 


Per cent. 
| .Calciesul phate. CasOvet.- | 84°27 
Magnesia aS ate Mg(OA), 7°04 
Sand ey cre eeuaen RP es I 94 
Aluminay AiOw. 2... ee 
Iron sesquioxide, Fe,Os......... ) ey 
Waters cic wet va ecch erases 5°68 
100 90 


The constituents of saline water, 
other than sea-water, depend on the 
nature of the source of supply, and 
geological strata through which it per- 
colates. In the neighbourhood of mines 
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water contains a large quantity of saline 
bodies, chiefly sulphates, which have 
been brought about by the oxidation 
of pyrites and other sulphates. The 
following analysis shows the nature of 
the bodies found in a mine water in 
which sulphates are abundant :— 


| Grains per 
| | gallon. 
CalcicicarponatesGaGOs ee | 10'8 
Caicicsulphate;CacOee | 160 
Magnesia sulphate, Mg.SQ, ... | 20°4 
Sodii sulphate, NagSOy, ......... 736 | 
Sodir chloride SNaC lessens. ae 70°4 
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The presence of the calcic carbonate 
prevents such water being used. When 
no carbonate is present, the free sul- 
phuric acid often exists in water of 
the above class, with consequent corro- 
sion of the pumping machinery. The 
consideration of the life of a boiler and 
the cause of its corrosion, and also the 
consideration of the methods of con- 
densing saline waters, processes of 
softening waters, of testing same for 
the presence and nature of foreign 
bodies, and applying bodies to prevent 
incrustation, require to be dealt with 
in separate papers. 
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(Continued from page 21.) 


DOUBLE-ACTING DIAPHRAGM PUMPS: 


N our last article we mentioned 
double-acting diaphragm pumps ; 
as these are very seldom met with, 

it might be interesting to some readers, 
wherefore we have decided to give one 
example, which is illustrated in sectional 
elevation (Fig. 49). A and B are the 
top and bottom chambers of the pump 
body, between which is secured a sheet 
of flexible india-rubber C, dividing the 
pump into two parts; on each side of 
this india-rubber diaphragm are iron 
shields, D and D, secured to the pump- 
rod E, guided at both ends, one end 
of the rod being attached to the 
pump handle in the usual way. F 
and F are the suction-valves; A the 
suction-pipe; H the delivery-pipe; the 
delivery-valves being on a line with 
the suction-valves, are not shown in 
the illustration. The suction and 
delivery of the liquid is caused in the 
same way as in the single-acting dia- 
phragm pump, and performed both at 
the upward and downward motion of 
the diaphragm. 


ROTARY. PUMPS. 


The Rotary pumps exist in two forms, 
namely, single cylinder and double 
cylinder. 
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SINGLE VGYLINDER RO UARY “PUMES: 


There is such a great variety of 
designs of this class of pumps that it is 
difficult to know which is best to illus- 
trate, because almost every one has some 
good features not existing in the other. 

A pump invented bya Mr. Storey is 
shown in sectional elevation (Fig. 50). 
It consists of a cylinder A, provided with 
inlet or suction-branch B, and delivery- 
branch C. Within the cylinder revolves 
a cylindrical drum D, about an axis 
eccentric with that of the cylinder. The 
drum D is fitted with slides or paddles 
E, E and E, which have their outer 
extremities in contact with the cylinder, 
while the opposite ends revolve or roll 
round a conical pin F, occupying the 
central part of the cylinder, and fixed 
concentrically with it. The inner edges 
of the’ slides E are ‘made conical to 
correspond with the pin F. ‘The pin 
I is capable of adjustment in _ longi- 
tudinal direction, and by that means the 
paddles may be kept in constant and 
uniform contact with the cylinder face. 
The action of this pump is very simple, 
and itis reversible, which is agreat advan- 
tage in pumping tar, for, by reversing the 
pump, the suction becomes delivery, and 
the thick, clogged tar can be forced out, 
hence clearing the pipes out before the 
pumping is commenced. 


SI 
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FIG. 50.—SECTIONAL ELEVATION OF SINGLE 


CYLINDER ROTARY PUMP, 


DOUBLE CYLINDER ROTARY PUMPS. 

The original inventor of this class of 
pump appears to be a Mr. Eve, who 
introduced it about the year1825. The 
most modern and probably the best 
type is the one which is illustrated in 
sectional elevation (Fig. 51) and repro- 
duction (Tig. 52), the latter showing a 
pump coupled direct to a vertical steam 
engine. It consists of a revolving piston 
A, sweeping out the cylinder B every 
revolution, the revolving piston dipping 
into the cylindrical drum C:;: the 
openings D and D are so arranged that 
the piston passes through without slip, 
back pressure, or undue friction. When 
the piston A moves round from the 
drum C, a vacuum is formed into which 
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the water flows from behind, and is 
forced by the front face of the piston. 
The piston A and the drum C are 
geared together, and the pump can be 
driven either way; this is, as we have 
previously remarked, a very great 
advantage when thick liquids or semi- 
liquids are dealt with. E is the suction 
and F the delivery pipes, or vice versa, 
according to the way the pump is 
running. J is the bed-plate, on to which 
the pump is secured. 

The ‘Greinell” r1otampaepeaipeee 
illustrated in cross-section (Fig. 53). 
This pump, at one time, was pronounced 
to be the perfection of rotary pumps, 
being invented by a baron, who made 
the most careful experiments and investi- 
gations, and the most elaborate means 
were adopted for testing each of the 
pumps, so as to get the proper propor- 
tions, and all parts as perfect as 
possible. It consists of a chamber or 
casing A, within which works two 
cylindrical drums, B and C, of equal 
diameter, almost in contact 
with each other on parallel shafts, D 
and E. One of these drums, B, carries 
two radial vanes or blades acting as 
pistons, which, as they revolve, enter 


running 
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FIG. 5I1.—SECTIONAL ELEVATION. OF DOUBLE 
CYLINDER ROTARY PUMP, 
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alternately into a groove of epicycloidal 
section, extending along the whole 
engi otetoe other drum, G.. The 
shafts D and E of the drums are geared 
together, so that the grooved drum C 
makes two revolutions to one of the 
bladed drum B, thereby enabling the 


In consequence of the 
motion of the stream of 


the pump. 
continuous 
water, any foreign solid substances can 
be passed through the pump without 
occasioning either stoppage or a break- 
down. ‘These pumps are applicable in 
all cases where centrifugal pumps are 


FIG. 52.—VIEW SHOWING A DOUBLE CYLINDER ROTARY PUMP COUPLED DIRECT TO A VERTICAL 
STEAM ENGINE,—MADE BY THE DRUM ENGINEERING CO., BRADFORD, 


single groove in the quick running drum 
to serve for two blades on the slow run- 
ning drum B. The inlet branch F and 
the outlet or delivery branch G are 
arranged in such a manner as to prevent 
everywhere the same _ sectional area 
through the entire course of the water, 
in order not to impede its movements 
in any way during the passage through 


suitable—for breweries, distilleries, oil 
works, sugar refineries, and contractor’s 
use. 


REVOLVING Plot ONVPUMPS, 


MiStiSeevenvyeuniqies pulip 5 it, saa 
combination of a rotary and a recipro- 
cating pump. It is illustrated in cross- 
sechions (Pigs. 54, 55, 56, and 57), and 
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enlarged sectional plan (Fig. 58). It 
consists of an outer casing A, of a 
cylindrical form, carrying a suction- 


branch S and delivery-branch D; at 
one end of this casing is attached a 
cover C, ‘having an internal crank E, 
and tcrank=pin Fis atsthe other endi 
bearing or journal, in which the shaft 
B revolves; in the above-described 
cylinder A revolves a cylindrical drum 
with the shaft B attached, fitting the 
periphery. The drum is bored out 
cylindrically at right angles to the axis 
of the shaft, of as large diameter as can 
be conveniently given. Within this 
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FIG. 53.--CROSS SECTION OF “‘ GREINELL ” 
ROTARY PUMP. 


bore a piston G is fitted, which again 
is provided at right angles to its length 
by a cylindrical bore, and into this a 
piston J is fitted. The small piston has 
also an opening bored init at right angles 
to its length, and parallel to the main 
shaft, into which the crank F is fitted. 
For to explain the action of this pump 
it will be best to follow motions during 
one complete revolution. The main 
shaft with its drurn B attached revolves 
on its own centre; the small piston J 
revolves on the fixed crank-pin centre, 
Woich) =bemno eccentric atomthessshalt, 
represents one-haif the length of the 
stroke of the pump piston J]. These 
two revolving parts are connected by 
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the main piston, which is free to move 
in one direction in its own cylinder, and 
in the other at right angles to it on the 
smaller piston, and is consequently 
capable of adjusting its motion on the 
circular path of the crank by revolving 
round it ; in doing so it has a combined 
revolving and reciprocating motion, that 
is to.say, the consequent effect is that 
at every revolution of the shaft and 
drums the main or large piston traverses 
up and down the cylindrical bore in the 
drum, and up and down the smaller 
piston at right angles to its own axis, 
revolving, at the same time, with the 
drum; and as, at each revolution, the 
alternate ends of these cylinders are 
presented to the suction and the delivery 
pipes, the contents of the two cylinders 
are transferred from one to the other 
without disturbing them. Suppose the 
pipe connection to the cylindrical casing 
to be in horizontal position, as shown 
in cross-sections—that is, S being the 
suction and D the delivery branch, and 
the crank-pin F vertically below the 
centre of the casing, the main piston J 
will be at the end of its stroke at the 
bottom, as illustrated in Fig. 54. Sup- 
posing the drum to revolve towards the 
left, as indicated by the arrow, at one- 
eighth revolution, the position of the 
two pistons will beas shown in Fig. 55; 
at one-fourth revolution, as indicated in 
Fig. 56; and at three-eighths revolution 
(Fig. 57). It will be seen that in Fig. 54 
the small piston is drawing in on one 
side and discharging on the other ; in 
Fig. 55 both pistons are in action; in 
Fig. 56 the large piston is in mid- 
position, drawing in and discharging, 
the smaller one having completed its 
stroke; in Fig. 57 bothjare in action: 


ADVANTAGES AND DISADVANTAGES 
OF RO TARYSE UDIE =, 


The advantages of rotary pumps 
are: — A continuous flow of watea 


through the delivery-pipe; the small 
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FIG. 57. 


space they occupy in comparison with re- 
ciprocatory pumps; the reduced amount 
of friction; and the want of valves in 
the generality of rotary pumps. 

The disadvantages are:—The high 
speed usually required, hence great 
wear and tear of the spindles or 
axles; also that they, as a rule, cannot 
be applied where there is a great 
depth of suction. Most of the rotary 
pumps cannot draw water froma greater 
depth than 12 to 14 ft. 
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FIG. 60.—CROSS SECTION OF CENTRIFUGAL 
PUMP, WITH ADMISSION-ON ONE SIDE. 


FIGS. 54, 55, 50 
AND 57.—CROSS 
SECTIONS OF 
REVOLVING 
PISTON PUMPS. 
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FIG. 58.—ENLARGED SECTIONAL 
PLAN. 


CENTRIFUGAL PU-MP. 

When a large body of water has to 
be raised to a comparatively small 
height, the centrifugal pumps are un- 
doubtedly the most economical, both 
as regards driving power required and 
first cost. They are inexpensive, simple 
in construction, not hable to get out of 
order, and are easily cleaned out. 

When we compare centrifugal pumps 
with ordinary reciprocatory pumps, we 
find that for lifts above 20 feet the result 
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FIG. 59.—SECTIONAL ELEVATION OF CENTRIFUGAL 
PUMP WITH ADMISSION ON ONE SIDE, 
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FIG. 61.—=ZLEVATION OF CENTRIFUGAL PUMP 
PROVIDED WITH GUIDE BLADES. 


is in favour of the reciprocatory pumps ; 
under 20 ft. to about 5 ft. the two 
classes; are equal > but for 4) its toms. ft 
lifts centrifugal pumps have a most 
decided advantage. 

The most advantageous application of 
centrifugal pumps is where the lift re- 
quired is both moderate in its maximum 
amount, and variable, as when pumping 
against tidal waves or discharging grav- 
ing docks. In both cases the lift is 
very small, and varies irregularly to its 
maximum. Under such circumstances, 
a centrifugal pump possesses peculiar 
advantages, for it keeps working at its 
ordinary speed; and with the employ- 
ment of a nearly constant amount of 
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riIG, 63.—SECTIONAL ELEVATION OF CENTRIFUGAL 
PUMP, WITH] ADMISSION ON BOTH SIDES. 
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FIG. 62.—CROSS SECTION OF SAME. 


motive power, it has a faculty of adapt- 
ing itself to the varying lifts. 


CENTRIFUGAL PUMPS WITH ADMIS- 
SION ON ONES SIDE: 

A centrifugal pump of this class is 
illustrated in sectional elevation (Fig. 59), 
and cross-section (Fig. 60). In this 
pump D is the suction-branch, through 
which the water enters into the im- 
peller A; C is the bottom part of the 
casing, E the top part of the same, which 
latter must be removed when access 
to the impeller A is required; {Bis 
the spindle, which, in this example, is 
cast in one with the impeller, but in 
large sizes it is made to pass through a 
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FIG. 64.—END VIEW OF SAME. 
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boss in the impeller or fan. The spindle 
is at one end carried in a stuffing- 
box and gland Kk, and at the other end 
by a solid-ended bush H; the bush 
and stuffing-box are lined with ligne 
vite. The vanes in the impeller are 
of the combined radial and curved form, 
as shown in Fig.. 59. The casing is 
scroll-shaped, and provided with a cross- 
piece G, to prevent the water from 
rotating in the casing. L is the delivery- 
branch. 

In the example before us 
the impeller is 25 in. diameter; 
the inlet and outlet branches 
8 in. diameter. The width 
through the impeller at the 
periphery is 14. 1n.; at the cen- 
tral opening 3 in.; the spindle 
is 22 in. diameter. The whole 
of this pump was made of 
gun-metal ,°. of an inch thick 
in the casing, and the vanes 
or blades of the impeller 2 of 
an inch thick at the centre, and 
=; of an inch at the periphery. 
A coupling F was cast on the 
spindle, therefore the gland Kk 
was made in halves and bolted 
together, as shown in Fig. 60. 
An objection exists in all 
centrifugal pumps having inlet 
at only one side, namely, that 
the position of the inlet pipe 
cannot be changed to suit 
circumstances, which frequently neces- 
sitates several bends; these latter are 
very objectionable in suction-pipes for 
any class of pump—especially centrifugal 
—where the depth is great, because the 
bends increase the friction considerably. 

It has been recommended by some 
engineers to provide guide blades in 
centrifugal pumps. A pump of this 
description is illustrated in elevation 
(Fig.61) and cross-section (Fig.62). The 
water ascends up the suction-pipe D, 
and is gradually guided into the revolving 
wheel or impeller A, by means of the 
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guide blades M; from the impeller it is 
projected by centrifugal impulse into 
the vanes of the concentric guiding- 
wheel N. In this case the guide blades 
M are fixed, but they are sometimes 
made adjustable, so as to regulate the 
quantity of fluid conducted into the 
pump. In such cases, and with cen- 
trifugal water pumps, it replaces the 
foot valve, and serves to fill the pump, 
also allowing such pumps to be placed 
direct into the outlet pipe without any 


FIG. 65.—VIEW OF ‘‘ INVINCIBLE” CENTRIFUGAL PUMP MADE BY 


J. AND H. GWYNNE, LTD. 


outer casing. ‘The directing plates are 
shaped to the section known as the 
‘“ contraction The guiding- 
wheel N is fitted concentrically to the 
outer periphery of the impeller A, and 
the proportions and directions of the 
series of cells of which the fixed wheel 
casing consists are adapted to the abso- 
lute velocity of the issuing fluid. The 
fluid flows out of the cells in a radial 


curve.” 


direction when no eccentric outer casing 
is applied, and more tangentially when 
no such an eccentric casing is used, as 
illustrated. L is the delivery-branch, 
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B the spindle, and P is a thrust-bearing 
to take the stress due to the one-sided 
admission. 

The last-described pump is 
times placed horizontally in an iron or 
brick well, the outlet for which is placed 
at the lowest level to which the water 
in the outlet channel is likely to fall. 
The pump is hung on its spindle by a 
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CENTRIFUGAL PUMPS WITH 
ADMISSION ON BOTH SIDES. 


An ordinary pump of this class is 
illustrated in sectional elevation(Fig. 63) ; 
and end view (Fig. 64). | Theimpeller A 
is provided with a mid-feather, so as to 
prevent the two streams of water, one 
entering from each side, from eddying 
when they enter the impeller. It has 


FIG. 66.—VIEW OF A TRIPLE SERIES OF ‘“‘ INVINCIBLE” CENTRIFUGAL PUMPS MADE TO DELIVER 
WATER TO A HEIGHT OF 200 FT. 


gun-metal bearing always accessible ; 
this of course does away with a foot- 
step. All the bearings of the different 
parts have conical-shaped seats, and 
the impeller can be taken out and 
replaced without emptying the pump- 
well. No suction or delivery pipes are 
used. The outlet from the well is fitted 
with a_ self-closing back-pressure or 
retaining valve, to prevent the water 
from flowing back when the pump is 
standing. 


eight arms or vanes cast on. These arms. 
are straight part of their length, only 
curved at their extremities. Thespindle 
B works in a stuffing-box and gland at 
one end, and a solid-ended bush H at the 
other.-- The pump body Cis" seroie 
shaped, so that the impeller almost 
touches the body at the point G, so as 
to dispense with the usualcross-bar. It 
will be noticed that the left-hand side of 
the body is made into a cover for easy 
access to the impeller. 
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Fig. 65 illustrates one of Messrs. ]. 


and H.Gwynne’s, Ltd., ordinary “ Invin- 


cible”’ 


centrifugal pumps. ‘They afford 
great facility for the inspection of the 
internal parts ; hand holes with bayonet 
joint covers are provided at the top of 
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the suction inlets, so that the interior 
may be easily examined, and any foreign 


matter removed. In addition the sides 
of the pump may be taken off and the 
impeller and spindle removed when 
necessary, without disturbing a single 


VIEW OF “INVINCIBLE”? PUMPS AT THE CANADA GRAVING DOCK, LIVERPOOL. 


FIG. 67. 


go 


joint either in the suction or delivery 
pipes. The pump is arranged to swivel 
on the bed-plate, so that suction and 
delivery branches may be placed at any 
angle by simply slackening a few nuts. 
The illustration shows the ordinary 
right-hand pump with vertical branches, 
double standard, and fast pulley. 

For heads over 80 feet these pumps 
are arranged in series, as illustrated in 
Fig. 66; in this case it is a triple series, 
made to deliver water to a height of 200 
feet. The pump to the extreme right 
hand in the illustration delivers its water 
into the centre pump, that pump delivers 
into the third pump, and that one forces 
the water to its destination. 

The “Invincible” pumps, at the 
Canada Graving Dock at Liverpool, are 
illustrated in the reproduction of a 
photograph (Fig.67). There are three 
5i-in. ‘* Invincible double-cylinder 
jet condensing Centrifugal Pumping 
Engines for emptying this, the largest 
dock in the world. The engines com- 
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bined are 2,200 Indicated Horse-power. 
During the test the pumps delivered 
3,226,648 cubic feet in four hours and 
forty minutes. 

These Centrifugal Pumps are also 
used with great advantage for Dredgers 
for recovering gold, etc. They raise 
sand and gravel containing precious 
stones, auriferous, and metalliferous 
deposits from beds of rivers, lakes, etc. 
In such cases they are sometimes placed 
in a punt, together with all the driving 
and warping machinery. The lateral 
movements of the suction-pipe, and 
raising and lowering of the same, also 
the warping of the punt, are under the 
control of the operator. The suction- 
pipe is fitted with patent mouth-piece, 
and ‘‘stone or solid” trap; when the 
latter is adopted, any solids that will 
pass up the suction-pipe are lifted; 
at other times the machinery is fixed 
on land, the suction-pipe only being 
movable. | 

(To be continued.) 
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(Continued from p. 28.) 


MACHINE FIRING. 

T is now nearly fifty years since 
mechanical stokers were first intro- 
duced. As might reasonably be ex- 

pected, the first productions were very 
crude and inefficient in the extreme, and 
for the economic and powerful genera- 
tion of steam the machine stoker of the 
middle of last century would cut a sorry 
figure if pitted against its prototype of 
to-day. 

Strange to say, the improvement in 
the mechanical stoker has not been a 
gradual process such as one might 
expect would be the case; real solid pro- 
gress has practically been confined to 
the past ten or twelve years only, and, 
to be candid, even some machine stokers 
of to-day bear a remarkable family like- 
ness to those made thirty and even forty 
years ago. 

What has been the cause of this 
lethargy, this hesitation in improve- 
ment ? It is really difficult to adduce 
any reason except that the older makers 
of mechanical stokers have been 
possessed by the same contempt for 
improvement which is at length assert- 
ing itself by the many decadent industries 
in this country and the simultaneous 
triumph of the foreigner. 

At the outset it may be well to care- 
fully consider what advantages, if any, 
machine firing possesses over hand 
firing. Is it more efficient? Is it more 
economical? Is the record of machine 
firing in the past as good as that of 
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hand firing? If not, then why not, and 
what of future prospects ? 

These have been and are still much 
debated questions—in my own opinion 
there is a field for both. Some may 
say that is evasive, or tantamount to 
SG Sitting ay Olle (ie welencCe, amcOlme lL A Will 
endeavour to explain my reasons. 

To a large extent in the past machine 
stokers have failed primarily because 
they have been fitted to work under 
such conditions as have rendered success 
impossible. A steam user is troubled 
with an inefficient boiler owing to a 
deficiency of chimney ornatural draught; 
he is persuaded to apply machine stokers, 
with. thes wesultsthabe be elfects. no 
improvement, but as a matter of fact is 
even worse off. Why? Simply because 
what has been sold to him as a remedy 
was a quack for such a case—he wanted 
draught, he bought stokers. 

Of course the remedy in such a case 
was either improved chimney draught, 
or what would no doubt be cheaper and 
more practicable, forced draught, but 
instead the shadow was purchased, the 
substance not recognised until too late. 

Hundreds of stokers have been dis- 
mantled and thrown on the scrap heap 
which, strictly speaking, should never 
have been erected at all; in the majority 
of cases these have been replaced by forced 
draught after much disappointment and 
vexation. 

Unfortunately the general result of 
such failures is to produce a great 
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number of steam users who for ever 
after are hostile to machine firing ; they 
condemn stokers wholesale, failing to 
recognise the fact that their existing 
conditions were not favourable, and that 
they failed to locate their own want. 

But let us not forget that the steam 
user is not entirely to blame for his 
attitude. One serious factor in thus 
stifling enterprise is the vendor or 
maker of the stoker, who either did 
know or should have known that he was 
not selling a remedy, but instead was 
deliberately taking a mean advantage 
of ignorance. 

Thus mechanical stoker makers 
largely have themselves to thank for 
throttling enterprise, and for producing 
a large body of steam users in this 
country who are bitterly opposed to 
machine firing; they are generally sus- 
picious of all so-called remedies or 
improvements hereafter. They sought an 
improvement but got ‘no forrarder,” 
and many require very considerable 
persuasion to move again. 

Now as to the advantages of machine 
firing over hand firing, for there are 
advantages which cannot but be obvious 
to all who study the question atall. In 
the first place, the clockwork regularity 
of the machine stoker is an advantage— 
one cannot make a man work like a 
machine—it 1s quite impossible to get a 
man to perform the same mechanical 
and monotonous grind which is the 
function of the machine fired apparatus. 

If it were possible to persuade a man 
to do his work with the same precision 
and regularity, many of our present 
troubles, sofaras hand firing is concerned, 
would disappear, but as that is quite out of 
the question generally speaking, a good 
machine stoker working under proper 
conditions is really a very excellent 
device. 

A further advantage over hand firing 
is the fact that the fires have not to 
be cleaned, causing stoppage, cooling 
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down of gases and loss of steam pres- 
sure—a distinct advantage. With a 
regular feed of fuel and automatic clean- 
ing of fires, the stoker working under 
favourable conditions possesses advan- 
tages which must tend to greater 
economy and efficiency than is possible 
with ordinary hand firing. 

I say ordinary hand firing because 
where forced draught is employed with 
hand-firing and a first-class fireman, I 
believe most ordinary machine stokers 
could be beaten, but it is scarcely 
necessary to add that 99 out of every 
100 firemen are not first-class men, and 
it is the exception rather than the rule 
to find one doing really good work. 

With regard to the record of mecha- 
nical stokers in this country, one serious 
reason has already been adduced account- 
ing for a large number of failures, but 
there is another and perhaps more 
powerful reason, and it is this. The 
machine stoker of the past has been for 
the most part a poor production in many 
ways; here I refer principally to its 
construction and capabilities. 

To take the question of construction 
first, if we compare the original natural 
draught coking stoker and the stoker of 
the same type to-day, what do we find ? 
Practically the same ponderous con- 
struction, an ugly and unnecessarily 
heavy piece of work, the movements 
producing alternate clank, groan, and 
sigh, very little latitude in working, 
either as to speed of fuel delivery or 
travel of bars. 

But when one considers for amoment 
the lack of elasticity in travel and feed 
is not to be wondered at so much, for it 
is anatural draught stoker; that is to 
say, it is limited to the chimney for the 
rate of coking and rate of combustion, 
and little could be gained in arrang- 
ing such a machine to travel or feed 
beyond the chimney capacity as to rate 
of com-bustion. 

Steam users would do well to bear in 
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mind that no natural draught mecha- 
nical stoker yet invented can burn one 
pound of fuel more per hour than could 
be burned with the same chimney if the 
fuel was hand fired. If this simple, 
logical, and incontrovertible fact was 
borne in mind, much vexation and 
annoyance might be averted. 

The coking stoker, with all its imper- 
fections, is generally admitted to be the 
most perfect smoke preventer yet pro- 
duced, and up to this time nothing has 
been designed which can do better in 
that respect, while the vast majority 
of “guaranteed cures” and so-called 
panaceas fall very short of its record in 
that direction, at any rate. 

The reason of such success is not far 
to seek; it is also powerful and conclu- 
sive. The coking process is a natural 
method of smoke prevention; the fuel, 
being gradually pushed on to a coking- 
plate immediately inside the fire-door, 
there ignites and cokes into a mass; 
the hydrocarbons, being expelled, have 
to traverse the whole length of incan- 
descent fire, and are thus effectually 
dealt with. 

Such a process is naturally a slow 
one under ordinary conditions, and is 
strictly limited to the chimney draught, 
both as to rate of coking and rate of 
combustion. There is your limit, and 
hence how can it avail you, as already 
pointed out, even if you have a stoker 
which can be regulated to feed quicker 
than your chimney can coke and burn 
the fuel? Your stoker may be adjust- 
able over wide limits, both as to feed of 
fuel and travel of bars, but it is useless 
to ignore the fact that the vital factor, 
your chimney—your natural draught— 
governs all other factors, and will bring 
you to a dead stop. 

Here in London we have hundreds 
of natural draught coking stokers, and 
many burn ridiculously small quantities 
of fuel. When the steam user has 
required more steam, and still a clean 


5 


chimney, his move has been again and 
again to put down a new boiler and 
stokers, but on the same chimney. 
Time goes on, and the chimney is 
‘‘crowded,” less fuel is burned per 
square foot of grate all round, and 
that fuel is burned less thoroughly, 
less steam is obtained, efficiency 1s 
reduced all round. The continued out- 
lay has only had the effect of promoting 
increased inefficiency ; the remedy which 
was sought was not obtained. 

Why put down new boilers at all, 
when your existing boilers are working 
so much below even their rated capacity ? 
Put this question to one of the old school, 
and he will tell you that he will not have 
his boilers forced. One hears this 
remark again and again, but many who 
utter it have a strange idea as to what 
forcing really is. Certainly the remark 
has no true application to a_ boiler 
working within its rated capacity, and 
equally certain it is that hundreds of 
boilers in London alone, fitted with 
ordinary coking stokers, are working a 
long way within their rated capacity. 

Let us take a standard “Galloway ” 
boiler, 30 ft. by 8 ft. The makers rate 
this to give an evaporation of 7,800 
pounds of water per hour, under pre- 
sumably good average conditions, but 
in how few cases is this being done with 
the ordinary coking stoker even under 
the very best conditions. My own 
experience has been that such boilers, 
with ordinary coking stokers, as a rule 
evaporate between 500 and 600 gallons 
per hour, and an evaporation of even 
400 gallons per hour is by no means 
unknown. 

Here you have the 
of matters with the ordinary coking 
stoker. You want a clean chimney ? 
Very well, you can have it; you might 
have had it a quarter of a century ago, 
secured by precisely the same means, 
but you must be prepared to accept 
low boiler duty with smokelessness if 
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your choice is the stoker we have been 
considering. 

This is one reason why 
firing has not been more extensively 
adopted. Here in London and our 
large cities land is far too valuable to 
be encumbered with unnecessary boilers, 
put down to give a duty so short of even 
the rated capacity. 

Times are changing; some of our 
largest steam users decline to put down 
new boilers until they are getting good 
duty out of existing boilers, and rightly 
too. Central lighting stations have 
tried such coking stokers and small 
bituminous fuel with a view to economy. 
At the peak they have tried to force the 
stoker. Excessive quantities of fuel have 
been rushed through the fires by the aid 
of tools and plenty of that human 
element which the stoker was said to 
render unnecessary. Little good is done 
by thus ‘*murdering” fuel when you 
are bound by your chimney draught. 
Plenty of smoke is made, the ordinary 
stoker being a terrible offender 


machine 


coking 


in this respect 1f not allowed to pursue 


its natural course. 

It is for this reason that to-day we 
find central lighting stations largely em- 
ploying expensive Welsh coal, and dur- 
ing the past few months, owing to the 
rigorous enforcement of penalties for 
smoke, it has been almost pathetic to 
read some of the excuses in police court 
proceedings, owing to the difficulty at 
times in getting Welsh coal. 

I say most emphatically that we are 
in a very bad way indeed if we are not 
independent of Welsh smokeless coal. 
If this fuel is a vital necessity for steam 
raising, then our practice is indeed 
miserably poor. 

What credit attaches to an appliance 
which will burn smokeless fuel without 
smoke ? The reader will no doubt con- 
sider this a strange question, but I am 
constrained to put such a query when 
I see an inventor point, with swelling 
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pride, to his patent on a boiler burning 
Powell Duffryn Welsh steam coal or 
Great Mountain or other anthracite. 
He positively assures the steam user 
that he can keep him out of the clutches 
of the law if he will religiously burn 
such fuels. 

Having now considered the coking 
stoker of the past, we will pass on to the 
sprinkling type of stoker. At the out- 
set, let it be carefully borne in mind 
that this type is distinctly inferior to 
the first-named as a smoke preventer, 
and where absolute smokelessness 1s 
demanded, it must not be seriously con- 
sidered. To be perfectly fair, however, 
as a steam raiser it is in advance of the 
old coking type. For that reason it has 
found much favour in many parts of the 
country. 

Having said this, we are once again 
brought face to face with that deter- 
mining factor, draught, and only within 
such limits as the chimney will allow is 
this type of stoker useful, as will, I 
think, be obvious. A serious fault of 
the sprinkling stoker—which need only 
be just mentioned here, as it is univer- 
sally admitted—is the liability to quickly 
choke the flues with fine dust and small 
fuel. If the chimney be a _ powerful 
one, this trouble is only aggravated, as 
quantities of very fine fuel and dust 
are rained out of the chimney-top, 
constituting a serious nuisance. 

Many argue nowadays that machine 
stokers are only labour-savers when 
fitted to a range of boilers and also 
fed by a system of conveyors, but I 
am inclined to think that even for a 
single boiler machine firing has much 
to recommend it, and that a reasonable 
saving can be effected, providing that 
large hopper capacity is provided; the 
man is left free for giving attention to 
other work outside the boiler-house. 
The clinker-pit has to be cleaned out 
periodically, the machine lubricated, 
boiler feed watched, and hopper filled 
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at intervals. Such constant attention 
as hand firing demands is not wanted ; 
the efficiency will be higher, and smoke 
prevented. I now refer, of course, to 
a first-class modern machine stoker. 
Naturally the economy will be much 
greater in a large boiler plant, arranged 
with elevators, conveyors, and also a 
system of conveyors for removal of 
clinker -and residue; and a modern, 
well-arranged, and well-managed instal- 
lation reduces labour to the minimum, 
effecting an extraordinary saving over 
hand firing. 

Before proceeding to deal with the 
more recent developments in machine 
firing, I should be shirking a duty to 
both stoker makers and steam users 
alike if I omitted to allude to the repair 
bill and the treatment of the machine 
stoker, which, to a large extent, deter- 
mines the size of the repair bill. 

Without any fencing, I will at once 
say that too often stokers do not receive 
that careful treatment which conduces 
to minimise wear and tear; too often it 
is not recognised as a machine, being 
consistently neglected, and at times 
roughly handled. If steam users only 
knew how the repair bill is kept down 
in works where the stoke-hole is under 
strict supervision, they would know 
what laxity costs them. 

Wear and tear must always be in- 
separable from the machine stoker, 
even under the very best of conditions, 
but it can be reduced to a very respect- 
able percentage with reasonable care. 
Management is so scarce in many 
stoke-holes that, so long as sufficient 
steam is provided, matters run smoothly. 
The repair bill to stokers may be a 
heavy one, but the steamn user does not 
suspect his men or the management, 
but instead condemns Blank’s Stoker, 
and threatens to remove same. 

There you have one side of the 
matter; now for the other. And it is 
this: many stokers are badly designed, 
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badly constructed, and badly fitted, and, 
however good their treatment may 
be, a long repair bill will as surely 
follow their adoption as night follows 
day. Again, many stokers cannot 
be lubricated—a serious but common 
defect, causing endless trouble and 
frequent stoppage. 

The application of the ordinary 
machine stokers in cases of very 
deficient chimney draught is always re- 
sponsible for abnormal wear and tear, 
mostly owing to local over-heating 
caused by sluggish draught. 

Now, as to recent developments in 
machine firing, the reader will have 
gathered from my remarks, both as to 
various systems of hand firing and 
machine firing, that draught is the 
vital factor in steam raising. Very 
well, if we’ aré “to “profit by past 
experience and failure, we must be 
quite sure of the draught. 

What we want, then, to repair the 
mistakes of the past, and to prevent 
such trouble again, is a stoker which 
is not limited by the chimney, but 
independent of it, be the chimney good 
or bad. 

Such a stoker is made, and has been 
in successful use for some three years 
past now. It possesses all the advan- 
tages of the old coking stoker, but 
its disadvantages have been carefully 
avoided. The workmanship is of the 
very best, the efficiency very high 
indeed, and as a powerful steam raiser 
it stands unapproached. 

To save any misapprehension I will 
at once say that I have an interest in 
this innovation. 

About a year since, in these columns, 
I ventured to suggest that the stoker of 
the future would be a Forced Draught 
Stoker. At that time some suggested 
that the wish was father to the thought. 
In has been truly said that ‘imitation is 
the sincerest form of flattery,” of which 
Iam reminded when one of the oldest 
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makers of ordinary coking stokers in 
this country commenced to experiment 
with forced draught added to their 


stokers. I make no further comment ; 
a straw will show how the wind is 
blowing. 


Whatever may be said to the con- 
trary, the fact remains that to-day the 
two mechanical stokers which are giving 
the best results are both artificial draught 
stokers, and between these and the 
natural draught stokers a wide gulf is 
fixed so far as results and efficiency 
go. 

During the past two years we have 
been invaded by quite a number of 
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American stoker makers, all claiming to 
be the best, and also to be able to easily 
improve on our best British practice. 
We have not yet seen the improve- 
ment; we have not yet even seen our 
best British practice approached. What 
may succeed with some American fuels 
will not of a necessity succeed here 
with our fuels. We have certainly 
moved slowly in this country, as, indeed, 
we do in most matters; but in the 
economic generation of steam from our 
own fuels, I venture to think that our 
best practice is such as to be unattain- 
able by any American stoker or foreign 
apparatus for some time to come. 


SOME NOTES ON AMERICAN FOUNDRY PRACTICE. 


By J. W. JACKMAN., 


N these days, when the stress of 
increasing competition, both by 
America and Germany, is bringing 

home to the British manufacturer the 
urgent necessity of adopting the most 
up-to-date machinery and methods to 
cheapen the cost of production and 
increase the output of his shops, much 
attention has been and is being given 
to the adoption of automatic machinery, 
and the standardising of patterns, so 
that machine shop practice is now much 
in advance of the methods of ten years 
Boo. Jt is a curious fact, however, 
that while fully awakened to the neces- 
sity of adopting modern tools in the 
machine shop, the question of improving 
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the foundry has been comparatively 
neglected in this country, and the tools 
and appliances of forty years ago are 
still considered efficient enough, and 
practically no improvement has_ been 
made over the methods then in general 
use. In America there is perhaps 
no department of the works which 
has had such careful attention and 
where so much improvement has been 
made. <A few instances are sufficient. 
In this country little attention has been 
paid to scientific cupola practice. Any 
foundry foreman considers himself com- 
petent to erect an_ efficient cupola. 
‘“’Take an old boiler shell, set it on end, 
and we get the best possible results 


SQUARE-STAND MACHINES, I0 IN. BY I2 IN.,. MOUNTED WITH 
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hot fluid iron and in fuel 
economy,” is a remark that has been 
more than once seriously made to the 
writer by some self-sufficient, half- 
educated foundryman. Compare this 
with American practice, where, in all 
the largest and best equipped foundries, 
the home-made tinkered-up cupola is 
never found—there it is considered 
wiser to take advantage of experts’ 
knowledge, and cupola building is as 
much a matter of specialised knowledge 


both in 
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ROUND-STAND MACHINE, I6 IN. 
DIAMETER, WITH GEAR AND PINION PATTERN. 


as the making of the finest automatic 
tool—and in consequence the writer has 
found on visiting a large number of 
representative foundries in the States 
that the ‘* Whiting” cupola, which has 
the best reputation there as a practical 
scientific cupola, is nearly everywhere 
being used. Another instance—how 
common it is here to see labourers 
carrying up to the charging platform 
both fuel and pig iron, or slowly hoisting 
the charge by means of some ancient 
and slow working elevater. Contrast 
this with the quick, economical labour- 
saver, the pneumatic elevator, which is 
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now everywhere in use in the States, 
and which reduces enormously the cost 
of handling the charge. It costs more 
than the old method, but it pays, and 
pays handsomely, for the initial outlay. 
A most noteworthy instance, too, of the 
improvements in foundry practice which 
have been adopted in America is in the 
use of moulding machines in the foundry. 
Modern machines of this kind have been 
evolved there because of the need for 
them having been more acutely felt, on 
account of the far larger number of 
foundries wholly engaged in producing 
repetition castings. Foundries of this 
class have in the past been com- 
paratively few in this country, but we 
are now waking up to the necessity of 
specialising in our machine shop, and 
standardising our patterns, and the 
manufacturing engineer finds that it 
does not pay him to make it his boast 
that he is ready to make anything, but 
is learning to concentrate his energies 
on a few specialities. It follows that his 
foundry will naturally become a repeti- 
tion foundry, and economy in producing 
many moulds from the same pattern 
will become a question worthy of much 
consideration. 

Fifty years ago moulding machines 
of a kind were being used here in 
certain foundries doing repetition work, 
making castings for agricultural imple- 
ments, spinning machinery, etc., and 
these fifty-year-old machines, slow, 
inaccurate, and costly, are still being 
used, and little or no effort has been 
made to improve on their results. In 
the United States the modern moulding 
machine has been slowly but surely 
evolved from the primitive machines 
above referred to—the greater amount 
of repetition work has been the incen- 
tive to make improvements, and many 
inventions have been made, tried, and 
discarded before the present type of 
machines has been finally adopted. 

The experience of one great American 
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foundry—perhaps the greatest foundry 
in the world where light castings are pro- 
duced—may be cited as illustrating the 
development that has taken place. This 
is the McCormick Harvesting Machine 
Company, of Chicago, which has a pre- 
sent output of grey iron castings alone 
of some 400 tons per day—of the light 
class used in agricultural machinery—as 
well as 100 tons of malleable castings. 
Some ten years ago there was much 
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A complete plant of this machinery 
was installed by the McCormick Com- 
pany at the cost of some £26,000, and 
their staff of moulders was replaced by 
labourers, as only a few expert mechanics 
were stated to be required to superintend 
the machines. Unfortunately, however, 
the expected results were not obtained. 
It was true that the labour costs were 
less through the moulders being dis- 
pensed with, and the moulds were 
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stir made among foundrymen in the 
States by the introduction of a new 
class of moulding machine which was 
to revolutionise the industry, and which 
appeared likely to do so, from the experi- 
ments which were made. This machine 
—a highly complicated and_ highly 
ingenious device—was designed to ram 
the sand moulds mechanically by means 
of a head or plunger operated by com- 
pressed air, and thereby save all the 
hand ramming, and so produce the 
moulds much more rapidly than had 
previously been possible by hand work. 


produced more quickly, but the machine 
ramming was found to be unsatisfactory, 
and in no way equal to the old methods 
of hand ramming, because the machine 
could not do what expert moulders had 
previously done, regulate the density of 
the sand according to the requirements 
at each part of the mould, and the con- 
sequence was that many of the castings 
were defective and useless. Another 
cause of bad castings was that in order 
to withdraw the patterns from the 
sand it was necessary to either rap or 
vibrate the pattern plate, thus frequently 


TOO 


breaking down sharp corners or pockets 
in the pattern, and necessitating patching 
the moulds, for which expert moulders 
were, of course, required. Beyond these 
disadvantages it was found that the 
machines were frequently breaking 
down, and needing repair, on account 
of not being suitable for work in the 
rough conditions inevitable in a foundry, 
with the dust and sand ever present 
to damage their working parts. This 
failure of so costly an experiment led 
the technical expert of the McCormick 
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A short description of the ‘‘ Pridmore”’ 
machine, which has achieved such 
results, will doubtless be interesting to 
the British foundryman. The principle 
of the machine is simplicity itself; it 
consists of an outer frame on which the 
plate carrying the moulding box rests, and 
of an inner or descending frame which 
carries the pattern, and which is raised 
or lowered by means of a lever. The 
patented mechanism is most simple in 
construction, and has been designed 
with a view to the hard wear to which 


FIG, 4.—‘‘ PRIDMORE” 


DOUBLE STAND SINGLE SHAFT MACHINE, I6 IN. BY 24 IN., WITH 


RAILWAY SIGNAL ARM PATTERN. 


Company, Mr. Henry E. Pridmore, to 
experiment afresh on a type of machinery 
which should give the required results 
and not possess the manifest disadvan- 
tages of the machinery which had proved 
inefhicient. The result was the develop- 
ment of a machine which proved entirely 
successful, and hundreds of the “ Prid- 
more” machines are now at work in the 
McCormick foundry, operated by un- 
skilled labour, with the result that a 
saving of no less than 73 per cent. on 
the cost of moulding and pouring has 
been made by the adoption of this 
machinery. 


it must be subjected in a foundry, so 
that no part of the machine is liable to 
get out of order. 

The pattern is raised into position for 
the sand to be filled into the box, the 
sand is then filled in, rammed by hand, 
and the pattern is drawn down through 
the stripping plate, which rests on the 
outer frame of the machine, without any 
rapping being required to cause it to 
leave the sand, thereby insuring clean, 
true, sharp moulds, from which accurate 
castings are the result. 

The machines are made in several 
different types but all on the same 
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FIG. 5-—18 IN. BY 18 IN. HEAVY DOUBLE SHAFT MACHINES, SHOWING PATTERN CARRYING TABLE 
IN BOTH POSITIONS, 


principle, and illustrations of the types 
are given. 

The small stand machines, both square 
and round (see Figs. 1 and 2), are 
suitable for all small light patterns or 
gates of patterns ranging from Io in. 
wide by 18 in. long or Io in. in diameter, 
to 18 in. wide by 30 in. long or 18 in. 
in diameter. This type of machine is 
designed for patterns requiring a draw 
up to 441in., and the amount of draw 


required is adjusted to a nicety by a set 
screw in the base of the machine. This 
class of machine is designed to be easily 
moved, and in operation two machines, 
one mounted with the cope pattern, and 
the other with the drag, are operated 
one each side of a central heap of sand 
running the length of the foundry floor, 
with the drag and cope boxes stacked 
parallel with the sand (see Fig. 3). A 
labourer operates each machine, and the 


FIG, 6.—20 IN. BY 30 IN. HEAVY DOUBLE SHAFT MACHINE, MOUNTED WITH WOOD PATTERN OF 


‘* WORTHINGTON ”’ 


STEAM PUMP. 
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FIG. 7.—‘‘ PRIDMORE” PIT MACHINE, WITH AXLE-BOX 
PATTERN, SHOWING PATTERN “UP” AND 


““ DRAWN.” 
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FIG. 8.—THE ‘‘ECONOMIC’’ BENCH MOULD, 
SECTIONAL VIEW 
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finished boxes are set down behind the 
machines, the machine being gradually 
moved down the floor as the space 
behind is filled with finished moulds, 
and the sand and empty boxes ranged 
along the floor are used. At the end of 
the day’s work, the machines have 
travelled down the floor, and the boxes 
are all ready to be poured. By this 
method the men are always at their 
work, z.¢., filling sand and ramming, and 
there is no time lost in carrying empty 
boxes and sand to the machine and 
the moulds away from the machine, 
which in ordinary machine-moulding 
entails a considerable waste of time and 
energy. 

The second type of machines (see 
Fig. 4) are designed for larger work 
than can be moulded in single stand 
machines, and are made in all sizes up 
to 120 in. long, but not wider than 
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20 in. ; these machines have a maximum 
draw of 44 in. 

For larger and heavier work another 
type of machine has been designed (see 
Figs. 5 and 6). These machines are 
made es in all sizes 


om to, in: by 13° in. 
fr 72, ia. by 120 in., 
and anee in all di- 


ameters from 18 in. to 
72 in. They are made 
in three depths—for 
patterns requiring a 
maximum draw of 6 
im,oin.,or10in. This 
type of machine is used 
largely bysuch firms as 
the well-known steam 
pump makers, Henry 
Rt. Worthington, for 
large and _ intricate | 
moulds, and give in- 
variably good results. 
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previously been considered impossible for 
a moulding machine. 

Outside the scope of the ‘“‘ Pridmore’ 
machine there is a class of castings for 
which mechanical ramming is found 
perfectly satisfactory ; 
such moulds are those 
requiring practically no 
draw to remove the pat- 
tern from the sand, and 
are chiefly made from 
half-round patterns such 
as are required for brass 
cocks and valves of small 
diameter, also moulds for 
malleable iron castings, 
or name plates and other 
small flat work. For this 
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FIG. 9.—THE ‘‘ ECONOMIC ” 


Besides the above types, special 
machines are made for various purposes, 
such as axle boxes, where a specially 
deep draw is required (see Fig. 7), 
hangers, deep cored work, and _ sev- 
eral other classes of work which has 
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type of work mechanical ramming is 
perfectly sufficient, as the ramming 
head gives a perfectly even pressure over 
the shallow sand mould, and so leavesa 
good and sharp impression on the sand. 
Of machines of this class there are two 
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types, the pneumatic ramming machine, 
previously mentioned, and the simpler, 
cheaper machine illustrated in~ this 
article (Figs. 8 and g), the working of 
which can easily be understood from the 
illustration. For bench or odd side work 
this machine, ‘‘ the Economic,” gives 
good results, and has been stated by the 
leading malleable iron foundries of the 
United States to save quite 40 per cent. 
over hand moulding for the same class 
of work.* 


the best and most economical results are obtained by the 
use of wooden snap flasks or boxes. 
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There is not sufficient room in the 
limits of a short article to describe other 
foundry equipment and labour-saving 
devices which are largely used in 
America but are practically unknown 
here, but there are many other foundry 
‘‘notions”’ in use there, such as air 


hoists, pneumatic sand sifters, casting 
cleaners, improved rumblers, etc., which 
are well worthy of the notice of English 
foundrymen who are desirous of in- 
creasing their output and_ producing 
good castings at the lowest possible 
cost. 


LIFTING ELECTROMAGNETS. 


By E, B, CLARK, 


HE use of electrically energized 
lifting magnets on cranes, con- 
veyors, and other hoists is a 

subject which has received far less atten- 
tion than it deserves. Although when- 
ever electromagnets are so employed in 
practice they have excited much interest, 
their use has not extended nearly so far 
as it could with much advantage. This 
fact, says the writer in the American 
Electrician, has been due to two reasons: 
(t) Mills and shops where bulky mag- 
netic materials are handled have, until 
recently, not been thoroughly equipped 
with electric power. (2) Inasmuch as 
iron and steel products that are handled 
with power machinery are always heavy, 
large and powerful magnets must be 
employed, but there is practically no 
existing data dealing with the design 
and construction of such magnets that 
can be referred to in planning to build 
them. 

In the early days of the study of mag- 
netism, Sturgeon, Roberts, Joule and 
others succeeded in producing magnets 
of very considerable lifting power (from 
2,000 to 3,000 pounds), but they were 
all excited by windings containing very 
few turns of comparatively large copper 
wire worked up to a very high tempera- 
ture, and they were tested in laboratories 
under the most favourable circumstances. 
With such conditions they were enabled 
to get a high lifting power per pound of 
material in the magnet, but they did so 
at the sacrifice of certain other qualities 
that are all-important for magnets built 
for everyday rough use. 


Magnets are valuable only where 
the material to be handled is magnetic, 
which practically means that it must be 
iron or steel, though there are special 
cases where other materials could be 
handled to advantage in iron recep- 
tacles. Another essential condition to 
make magnets especially useful is that 
the materia handled shall be bulky, and 
also awkward to pick up in any other 
way. With these existing conditions 
making magnets advisable it is still not 
possible to use them to advantage unless 
the material to be handled can present 
some readily accessible smooth surface 
to which the magnet face can be pre- 
sented easily. These conditions fre- 
quently are all met with, most often in 
rolling mills, boiler shops and locomo- 
tive repair shops, but also in factories 
making other products, awkward to 
handle, as, for instance, projectiles. 
Generally it is inadvisable to try to 
handle with a magnet such irregular 
shapes as car wheels, castings, etc., and 
much of the existing prejudice against 
this mode of handling may be attributed 
to unsuccessful attempts to make such 
applications. 

In rolling mills, where nearly all of 
the magnets now in use are employed, 
they are used to convey unsheared 
plates from the straightening rolls or 
the ‘‘hot-bed”’ to the shears, to convey 
the sheared plates from the shears to 
the inspecting beds, thence to remove 
them to the stock piles, or to load them 
on cars, as the case may be. Here a 
magnet is peculiarly fitted for its work. 
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A steel plate, especially as it comes 
from the rolls, is a decidedly awkward 
piece of material to take hold Olan LLteise 
perhaps, 40 ft. long, 8 ft. wide and @ in. 
thick. Itis heavy, flexible and generally 
hot. If it is carried on roller tables, the 
tables must be long, for the plate must 
be cooled some and marked out before 
it goes to the shears, which means that 
there is a lot of machinery to keep in 
repair. If it is carried on overhead 
travelling conveyors, it must be picked 
up by several pairs of hooks, which 
must be attached by hand at the cost 
of “much Jabour and time. Jigat is 
carried on travelling conveyors sup- 
porting it from below, two hot-beds 
must be provided to enable marking 
out, and a comphcated lot of machinery 
installed. 

If, however, it is carried by over- 
head conveyors, equipped with electro- 
magnets, only one man is needed to 
operate the whole apparatus. He 
simply lowers the magnets down on 
the plate, turns on the current, hoists, 
runs his plate over to’ the desired 
position, and opens the switch. In 
handling long plates at the shears a 
crane equipped with an electromagnet 
on its hook can be of great assistance. 
In taking the sheared plates away, to 
be piled in stock piles or to be loaded 
in cars, cranes with magnets can save a 
great deal of time and enable the work 
to be done with much economy of labour 
that cannot otherwise be effected. This 
is proven by the fact that in those mills 
so equipped a disabled magnet will neces- 
sitate putting on two or three more men 
for each crane, and even then will cut 
down the speed of shipment by 15 per 
Cent.atO; a0 pet cent., accordinemtomi nc 
size and shape of plates. 

The one great objection urged against 
magnets by those who are opposed to 
their use is that they are lable to drop 
plates or whatever they:may be handling 
upon the heads of men passing under- 
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neath, either by reason of the current 
failing or because the plate is too near 
the capacity of the magnet to make it 
hold securely. It is argued that there 
is always a chance of the current being 
cut off unexpectedly, and that inasmuch 
as there is no way to tell absolutely 
whether a magnet will surely support 
a certain plate, there is always a chance 
of a large plate dropping off. Both of 
these contentions are, in the main, true, 
though by proper design of magnets and 
circuits the danger from both sources. 
may be reduced to a minimum, but 
there is no need of handling plates in 
such a way as to endanger men’s lives. 
Generally it is not necessary for men to: 
get under plates at all, and in the few 
cases where it is, as for inspecting, 


_ guards may easily be arranged to pro- 


tect against the remote possibility of a 
plate dropping. Besides, is it not a 
fact that men should keep from under 
bodies supported in any way on over- 
head carriers? Slings and hooks are 
just as liable to slip and break as are 
magnets to let go. As evidence on 
this point, it is perhaps worth while 
to say that during several years’ 
experience with magnets used as above 
described, the writer has yet to know of 
the first accident caused by the unex- 
pected dropping of a plate. 

The amount of power consumed by 
an electromagnet, although generally so 
small as to be entirely unimportant, still 
is a point worthy of consideration. In 
every case it is almost altogether a 
question of design. Generally speak- 
ing, it may be said that the less a 
magnet weighs the less power will 
have to be expended per pound lifted. 
Also the less a magnet weighs the 
greater the ratio of lifting power to 
weight of magnet; in other words, the: 
less the weight of the magnet the more 
each pound of it will lift. This follows 
from the fact that, roughly speaking, 
the lifting power of a magnet is @ 
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FIG. I.—LIFTING MAGNET. 


function of the square of its linear 


dimensions, while its weight is a 
function of the cube of its linear 
dimensions. ‘Therefore the ratio of its 


lifting power to its weight is the ratio 
of the square to the cube of its linear 
dimensions, a _ ratio that decreases 
rapidly with increase of size of the 
magnet. 

It is, of course, true, with the design 
of magnets, as with the design of any 
other piece of apparatus, that the most 
desirable design is the one that, while 
it will do the work satisfactorily, can 
be built for the least money. And it 
is also true, here as elsewhere, that 
the cost of operation and maintenance 
is just as important a part of the 
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designer’s problem as is the first cost 
of construction. Both of these points 
are involved in a decision of the proper 
winding for the coils, which depends 
largely upon the service to which the 
magnet is to be adapted. The higher 
the current density the greater will be 
the heating effect and the consequent 
loss of energy and lability to burn out. 
On the other hand, the greater the 
current density the less copper need 
be used, which not only lessens the 
cost by reducing the amount of copper, 
but also by shortening the magnetic 
circuit, and thereby using power at a 
higher efficiency. It is by obtaining 
a happy medium between these two 
considerations that a successful design 
can be produced, and the location of 
this medial point depends, in any case, 
upon the character of the service which 
is expected of the magnet. The less 
constantly it is to be used, and the 
shorter is each period of use, the 
higher may the current density be run. 

In general we may say that the cal- 
culation of a magnetic circuit may be 
proceeded with exactly as can the calcu- 
lation of an electric circuit. That is, 
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FIG. 2.—CIRCUIT CONNECTIONS. 


given the amount of magnetism required, 
design the shortest (having least reluct- 
ance) magnetic path, which may be 
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encircled by a winding sufficiently strong 
to drive the required magnetic flux 
through the figured reluctance of the 
circuit. 

It is a comparatively easy matter to 
arrive at the required amount of mag- 
netic flux in any special case, because 
it is useless to run steel or wrought iron 
very much above the point at which 
the traction is about 150 lb. per square 
inch, though it 1s quite possible to get 
it up to a point where the traction will 
be 200 lb. per square inch if there 
is any special reason why such 
a point should be reached. But 
having determined upon the total 
number of magnetic lines and as- 
sumed a magnetic circuit, it is 
then not nearly so easy to estimate 
the reluctance of that circuit. 
Not only is the permeability of 
the materials rather an uncertain 
quantity, and the accuracy of the 
mechanical -work of the joints in 
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It is this fact that makes the use of 
a magnet on any irregular shape diffi- 
cult, for unless it 1s possible to lift the 
weight with far less magnetism than the 
maximum, an irregular shape cannot be 
picked up. 

In arranging this magnetic circuit, 
the usual precautions against leakage 
must be observed, though other con- 
siderations governing the form of the 
magnet are so important as to make 
leakage a secondary point. It is a very 
dificult question to handle, and the 
limit of error is so great, owing 
to variable air-gap, that the only 
practical method of dealing with it 
is to use the least objectionable form 
and then to make liberal allowance 
for leakage. The form of the mag- 
netic circuit has great influence upo 
its action and varies greatly with the 
work to be done. The magnet which 
will exert the greatest power in ad- 
hesion is the one having the shortest 


FIG. 3 —ELECTROMAGNET BY THE SANDYCROFT FOUNDRY CO., OF CHESTER, SHOWN LIFTING 
A CAST-IRON BED PLATE WEIGHING 2,000 LB. 


a certain measure indeterminate, but, 
far more important, the width of the 
air-gap between the pole-face and its 
keeper is exceedingly difficult of predic- 
tion. It is this air-gap, too, which forms 
the major part of the reluctance of the 
circuit. It will be found that if this is 
made large, say } in., such an enormous 
magneto motive force will have to be 
employed to get a useful traction that 
the copper winding will be excessive. 
And yet in practice it would require a 
comparatively slight obstruction to hold 
the magnet } in. away from the metal. 


and most compact circuit, but this is 
not always the most desirable form 
for other reasons. In picking up plates 
from a pile it is sometimes desirable 
that only one shall be taken at a 
time, and sometimes preferable that 
a number shall be taken at once to 
expedite the work. Different forms of 
magnets are adapted to each case. It 
is frequently required to handle just one 
shape or one thickness of plate all the 
time, while in other cases a large range 
of sizes must be accommodated. A 
certain form is best adapted to each 
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class of work. But whatever the shape 
of the magnet, it must be mechanically 
substantial. The coils must bethoroughly 
protected from injury and must be pro- 
vided with the best of insulation, for 
the magnet will receive hard usage. 
The points where the leads enter the 
case must be so protected as to admit 
of a broken Jead being repaired easily, 
without taking the coils out. The whole 
magnet must be arranged to enable 
repairs to be made without trouble, for 
the work is rough and will damage any 
construction in time. 

The form which upon first thought 
seems most suitable, both from a mag- 
netic and from a mechanical standpoint, 
is a simple horseshoe with one limb 
developed to form an envelope for the 
rest of the magnet, as shown in Fig. 1. 
But further consideration and actual 
trial show this to be a poor form for 
such work as plate-handling, on account 
of the round shape of the pole-face and 
on account of the excessive leakage 
from pole to pole. A single large magnet 
is also undesirable, where a large area 
of effective surface must be provided, 
from the weight considerations pre- 
viously pointed out. A group of small 
magnets of this general shape would be 
better, but the writer does not believe 
this form to be adapted to the work, 
notwithstanding the fact that it has 
long been a favourite shape and that 
some of the early inventions were based 
upon it. 

The round pole-face does not offer 
sufficient resistance to the tendency of 
pilates to bend and tear themselves away 
from the magnet. This tendency is the 
most serious one for the designer to 
combat in plate-handling, which is by 
far the most important use of magnets 
to date. A round magnet which will 
lift, on a straight pull, 10,000 Ib. easily, 
will refuse to pick up a long thin plate 
weighing 1,000 lb. The magnet should 
present a straight line instead of the arc 
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of a circle at the bend of the plate. For 
plate work a group of rectangular poles 
seems best in practice. Different dispo- 
sitions of the same amount of material in 
a magnet produce surprisingly different 
results. 

Frequently it is desired to regulate 
the strength of a magnet; that is, to 
cause it at times to pick up several 
objects, and at cthers fewer or onl one 


FIG. 4.— SHOWING SANDYCROFT STANDARD TYPE 
OF ELECTROMAGNET. 


It is possible to do this by means of a 
rheostat in series with the winding, but 
such a means gives much trouble in 
adjusting and is apt to cause dropping. 
A better plan is have the operator drop 
off any superfluous material by opening 
the switch for an instant and quickly 
closing it again. As unlikely as it may 
appear, it is still nevertheless true that 
it is an easy matter for the operator 
in this way to regulate very easily and 
very simply exactly the load which he 
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wishes the magnet to carry, and then 
he can always have the maximum 
lifting power of the magnet available. 

One trouble that may be met with is 
flashing, upon the opening of the switch, 
due to the natural kick produced by the 
opening of acircuit possessing high self- 
induction, and also to the current induced 
when gravity tears the keeper from the 
magnet face. The self-induction may be 
reduced by proper arrangement of coils, 
but it is best to adopt the following 
means of avoiding the evil influences of 
flashing at the switch, especially when 
several magnets are energized in multiple 
as when handling long plates. Connect 
a circuit of incandescent lamps or other 
non-inductive resistance in multiple with 
the magnet on the dead side of the 
switch, as shown in Fig. 2. The total 
normal voltage of the lamps should be 
about 50 per cent. more than the volt- 
age across the line, and the normal 
current capacity of the lamp circuit 
about 50 per cent. of the current ab- 
sorbed by the magnet. That is, if the 
magnet takes about 3 amperes at 240 
volts, use 3 lamps each 50 candle-power 
at 120 volts. 

By means of this precaution the punc- 
turing of the insulation due to inductive 
action will be prevented. It is interest- 
ing to:note the lamps gradually dim 
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when the switch is opened and then, 
when the piece on the magnet finally 
drops, to see the lamps light up again 
for an instant as the induced current 
passes through them. Of course the 
lamps are placed at the switch near 
the operator when the magnet is in an 
unfavourable location. For regulating 
the strength of the magnet to provide for 
cases where an unusually large air-gap 
demands excessive magnetization to 
secure adequate lifting-power, the writer 
has found a series-parallel connection 
of coils to be a decided advantage. 

If the magnet is suspended on a 
crane hook which travels through much 
vertical distance a reel must be arranged 
to coil up the lead wires and let them 
out again as the magnet moves up and 
down. Trolley wires must be provided 
to convey the current to the magnet. 

The current consumption of a magnet 
depends upon the winding of the coils, 
but roughly speaking, a magnet for 
handling ordinary sheared plates, having 
a capacity of, say 3,000 lb., on this 
work should operate easily and _ satis- 
factorily on 1,000 watts. This same 
magnet under favourable conditions will 
lift 10,ooo0 lb. with the same power 
consumption, but to do this the keeper 
must be accurately fitted to the pole 
faces. 
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NEW RECORDING AIR PYROMETER.* 


By WILLIAM H. BRISTOL. 


HE instrument herein described 
has been designed to meet a 
demand for a pyrometer to mea- 
sure temperatures of high ranges, and 
to give continuous records of changes 
of such temperatures on a moving chart ; 
also to produce an instrument which 
would be self-compensating for baro- 
metric and thermometric changes of the 
atmosphere without introducing delicate 
mechanism, which would tend to inac- 
curacy and to preclude its use for 
commercial purposes. 

The diagram (Fig. 1) 
arrangement of the parts of the pyro- 
meter, which consist simply of a porce- 
lain bulb connected by a capillary tube 
to a recording pressure gauge. The 
stem of the porcelain bulb is made of 
sufficient length to pass through the 
furnace wall. The capillary connecting 
tube is made of seamless copper. The 
recording pressure gauge employed is 
constructed on the same plan as those 
previously described. By reference to 
the description, it will be found that 
each pressure tube or spring is con- 
structed on the Bourdon principle, and 
consists of a tube of closely-flattened 
cross-section formed into a helix of two 
complete turns. 

Two of these pressure tubes or springs 
are employed in the recorder—one of 
these, the indicating tube or spring, 
being connected to the air bulb by the 
capillary tube, and adapted to be turned 
axially by the variations of pressure due 
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to changes of the temperature to be 
measured; the other, a compensating 
spring, is mechanically attached to the 
free end of the indicating tube or spring. 

The compensating spring is adapted 
to be turned axially by variations of 
atmospheric pressure and temperature 
in a direction opposite to the motion of 
the first or indicating spring under the 
same influences. 

Fig. 2 shows an interior view of the 
recording portion of the instrument. 
The compensating and pressure tubes 
are lettered respectively A and B. These 
tubes are made of equal strength, hence 
external or internal pressure will produce 
the same angular movement in each. 

The air bulb, capillary connecting 
tube, and indicating spring are almost 
exhausted of air, so that when the air 
bulb is cold it is subjected on the exterior 
to nearly atmospheric pressure; but 
when the bulb is exposed to high tem- 
peratures, the remaining inclosed air is 
expanded so as to practically balance 
the external pressure, and the bulb is 
relieved of strains which would, in its 
weakened condition, tend to injure it. 

Fig. 3 shows the indicating and 
compensating springs of the recorder 
on an enlarged scale. C is the bracket 
to which one end of the indicating spring 
B is secured; D represents a portion of 
the capillary connecting tube where it 
enters the stationary end of the indi- 
cating spring. The compensating spring 
A is helically formed in the same direc- 
tion as the indicating spring, but of a 
larger diameter, so that it may be placed 
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FIG. I.—RECORDING PYROMETER. 


outside of and concentric with the 
indicating spring, as shown, and is 
mechanically attached 
at E, there being no 
opening or connection 
between the interiors 
of the two springs. At 
the free end of the 
compensating spring 
de bracket ebisisisol- 
dered, making a rigid 
connection to a shaft 
through the centre of 
the springs. At the 
front end of the shaft 
the recording arm G is 
rigidly secured. 

To illustrate the 
operation of the com- 
pensating spring, 
assume that the air 
has been partially ex- 
hausted from it, and 
that the barometer rises under such a 
condition: the indicating spring would 
Lurnstowthesletey( io. a) air the com- 
pensating spring was not present; that 
is, in direction of arrow 1; but the 
compensating spring A being present, 
and tending to turn to the right, as 
indicated by arrow 2, through the same 
angle, the effect of changes in atmo- 
spheric pressure is neutralized, and the 
position of the recording arm is unaffected 
by the rise of atmospheric pressure. For 
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the same reasons there would be no 
movement of the recording arm when 
there is a fall in atmospheric pressure. 

If the air is not entirely exhausted 
from the compensating spring, it will also 
compensate for thermometric changes in 
the same manner, the indicating spring 
tending to turn in the direction of 
arrow I when the temperature falls, 
and in the direction of arrow 2 when it 
rises; while the compensating tube will 
be turned in opposite directions equal 
amounts under the same influences. By 
leaving the proper amount of air in the 
compensating spring, the compensation 
may be made perfect for any change of 
atmospheric tempera- 
ture, provided the air 
bulb is at a given 
temperature. | lie 
error for small varia- 
tions from the average 
temperature to be 
measured will be so 
small that it may be 
neglected. As the 
tubes are turned in 
opposite directions by 
barometric and ther- 
mometric changes, it 
is evident that there 
will be no movement 
of the recording arm 
unless due to changes 
of pressure communi- 
cated to the indicating 
spring through the 
capillary tube from the air bulb exposed 
to the temperature to be measured. 

The helically formed pressure springs 
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FIG. 3.—INDICATING AND COMPENSATING 
SPRINGS. 
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are particularly well adapted for use in 
this instrument, on account of the small 
internal space, which, together with that 
of the capillary connecting tube, forms 
a small volume in comparison with that 
of the air bulb. 

Thus far special attention has been 
given to working out the mechanical 
features of the instrument, and _ to 
determine experimentally on the most 
practical form of the porcelain air bulb, 
and how these bulbs may be applied to 
continuously record high temperatures. 
As the volume of air space outside of 
that exposed to the temperature to be 
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measured is very small, and as there are 
no corrections or computations neces- 
sary for barometric or thermometric 
changes, it will be a simple matter to 
calibrate the instrument according to the 
theory of the air thermometer, which is 
a recognized standard for measuring 
temperatures. The instrument here 
exhibited has been calibrated by com- 
parison with a standard from 32° up to 
600° Fahr., and by the melting points of 
aluminium and copper for the scale up 
to 2,000 Fahr. This instrument is the 
joint invention of EH. H. Bristol and 
the author. 
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(Manufacturers are invited to send particulars and illustrations of New Machinery for Notice, free of charge, under 


this Heading. 


Although the merits of every machine and appliance are investigated by an expert, the Editor 


desires tt to be understood that in some instances he ts dependent to a large extent on the statements of maniufacturers. 


WORTHINGTON COOLING TOWERS, 


E illustrate two cooling towers, 
recently wy erccteU a0 Vv emeLuc 
Worthington Pumping Engine 

Company at Stuttgart. 

These towers are of the natural 
draught type, and are each capable of 
cooling the condensing water for con- 
densing 22,000 lb. of steam per hour. 
They are each 14 ft.in diameter and 
82 ft. high, and the cooling surface 
consists of a number of layers of inter- 
locked galvanised steel pipes, so placed 
to give perfect intermingling of the 
falling water and the rising air in the 
tower. 

The towers are erected on concrete 
foundations with concrete piers, so built 
as to allow ample area for the air passing 
through the cooling surface. The cooled 
water falls into a well constructed in the 
concrete foundations. The cooled water 
wells of the towers are connected up by 
means of a culvert. 

The hot water discharged from the 
towers rises directly between the towers, 
with branches to each, and are so 
arranged that either tower can be cut 
out when necessary. The distribution 
of this water is effected by means of a 
distributor, which revolves on a central 
bearing, the general arrangement of this 
being similar to a Barker’s mill. 

The advantage claimed in the adop- 
tion of a tower of this class over the 
forced draught tower is, of course, the 
saving in first cost of the fan and motor, 


and the continuous saving in power, 
which economies soon repay the extra 
cost of the cooling tower shell. 
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ELECTRIC FURNACES, 


THE HATCH (RURNGCE 


HE general principle of the Hatch 
smelting furnace is that of putting 
the raw ore in a closed cylinder, 

with carbon bars heated by the current 
arranged around the lining of the cylin- 
der, the cylinder being revolved and the 
carbon bars being cut in and out of cir- 
cuit as the cylinder revolves, so that no 
current passes through the ore. Fig. 1 
shows the furnace open with one end 
removed, and Fig. 2 shows the furnace 
with the end bolted on, but with the 
hole in the centre open for charging and 
for the escape of gases while roasting 
preliminary to smelting. As can be seen 
in Fig. 1, the interior of the furnace has 
seven sets of carbon bars, each set of 
bars forming one side of a polygon, there 
being ten bars in each set. The ten bars 
in each set are electrically and mechani- 
cally in parallel, and each set is electri- 
cally independent of the other sets. 
Only one set of carbon bars is connected 
in circuit at one time. The furnace 
revolved on the rollers, shown in both 
engravings, at the rate of one revolution 
every two minutes. 

The furnace is filled about one-third 
full of ore, and is revolved in the direc- 
tion of the hands of a clock. Projecting 
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radially from the casing of the furnace 
are seven pairs of switch blades. Each 
pair is connected to the set of carbon 
bars nearest to it inside the furnace. As 
the furnace revolves clockwise, the set 
of carbon bars which 
are in the position 
marked L in Fig. 1, 
are made live by the 
contact of the switch 
jaws of its set with 
the heavy stationary 
brushes mounted on 
meeepuiar at -the 
right. As soon as 
the furnace revolves 
far enough, so that 
the section just men- 
tioned is cut out, the 
next section above 
it is cut in and soon 
—one sectionalways 
being in circuit. A 
current is passed 
sufficient to bring 
the carbon up to a 
white heat. The 
objects of such a 
rotary arrangement 


Gieeturnace are 
Several, by the 
revolution of the 
drum the heat is 


more evenly  dis- 
tributed to the ore, 
and overheating and 
volatilization of 
some portions of 
the ore has_ been 
avoided; the passage 
of current through 
the ore itself is ob- 
viated, and by doing this a great deal of 
uncertainty is avoided as to the degree 
of heat; the ore is constantly being 
stirred, so that the action is more even 
on the mass. 

Many failures in electric-furnace work, 
as well as poor results in ordinary smelt- 
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ing of lead and zinc ores, are due to 
inability to control the heat, and to the 
overheating of some parts of the mass 
without sufficient heat in the other parts. 
The present furnace has been success- 


TWO WORTHINGTON COOLING TOWERS ERECTED AT STUTTGART. 


fully tried, Mr. Hatch says, on refractory 
lead and zinc ores, which require an 
exact regulation of the degree of heat, 
because the metals volatilize at a very 
low temiperature, and overheating causes 
a loss of metal. In the furnace illus- 
trated the carbons are 1 by 2 in. in 
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FIG. I.—THE ‘‘ HATCH’ ELECTRIC FURNACE, SHOWN WITH ONE END REMOVED. 


section, and contact is made with them 
by 1-in. copper bolts. They rest on the 
fire-brick lining of the furnace, and are 
spaced 2 in. apart, so that the ore falls 
down between them as well as on top 
of them, and has good opportunity to 
absorb heat. Channels are provided 
under the carbons, in the firebrick lining, 
for the smelted ore to run into, and from 
these it is drained occasionally. ‘The 
case of the furnace is of boiler iron. 
The furnace is 4 ft. outside diameter 
and 3 ft. inside diameter ; 5 ft. long out- 
side and 4 ft. long 
inside. The current 
taken is 600 amperes 
At wr O MVOLLS SROtEDO 
kilowatts. The fur- 
nace will smelt 3 tons 
in 3 hours—z2 hours 
being taken to roast 
the ore and 1 hour to 
smelt it. The: roast- 
ing is done at a tem- 
perature of about 
1,000. Hi on retrac= 
tory Galena lead ore 


tested, and it is then 5 en ee 
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raised to 1,500° F. to 
smelt. With energy 
at 4d. per kilowatt- 
hour, Mr: Hatem 
figures that the cost 
per ton for smelting 
is 6s., against 245. 
to 32s. for smelting 
direct with coke in 
the ordinary way. 


DUCASSE FURNACE, 


The furnace is cir- 
cular in plan, with a 
movable hearth, the 
whole of which acts 
as the negative elec- 
trode. A tap hole is 
provided to run off 
liquid smelting pro- 
ducts, and in the 
upper portion of the furnace is a side 
flue, provided with a sight hole and 
cleansing door; through this flue the 
heated furnace gases are carried to a 
chamber, in which the furnace charge 
is perheated. The furnace 1s surmounted 
with a dome cover fitted with an eye- 
bolt, by which it may be raised from its 
position, and perforated with charging 
doors and with four apertures, through 
each of which passes one of four carbon 
rods, forming the positive electrodes. 
These electrodes are supported from 
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above in such a way that their position 
may be regulated automatically or at 
will. By means of a motor working on 
a shunt from the main circuit, a rotary 
current - distributor causes the main 
current to pass through each of the 
electrodes in succession 3,000 times a 
minute, contact with any one carbon 
not being broken until that with the 
next has been made, so that sparking is 
avoided. There is in this way produced 
in the hearth of the furnace an arc which 
practically rotates at 3,000 revolutions a 
minute. 
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A NEW AUTOMATIC FIRE ALARM. 


VERY novel and efficient fire 
OF alarm has been patented by Clar 
& Co., of Runscheid, Germany, 

and is being introduced into this coun- 
try with every success by Mr. H. B. 
Richardson, 143, Cannon Street, Lon- 
fonwiG., who has procured the sole 
rights of the patent for the United 
Kingdom, and where the alarm can be 
demonstrated, as it will be fitted in prac- 
fee. the chiet features of this alarm 
are its simplicity, efficiency, and its capa- 
bility of not only being of service in a 
mere portion of a room or structure, 
but it is in evidence throughout the 
whole of the room,and no matter where 
a fire should occur, its presence, by 
adoption of this alarm, is told instan- 
taneously and automatically. Specially 
adapted contact boxes are placed in the 
walls of rooms, the points of contact in 
these boxes being kept apart by patent 
impregnated cord, which is led around 
the walls towards the ceiling. This cord 
is so contrived that not only will it 
break by direct flame, but that a high 
temperature alone will sever it. When 
severance takes place, tension is re- 
leased, and the points of contact in the 
contact boxes come together. These 
being electrically connected with alarm 
bells, placed in such portions of the 
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building as may be desired, a current 
is formed, and the presefice of fire at 
once and automatically notified. 
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A NEW PNEUMATIC HOIST. 


NEW type of pneumatic hoist 
has been successfully introduced 
by an American engineer to do 
the *“jumpine or! “ stoving sup. — of 
heavy pieces like engine draw-bars, etc., 
in blacksmiths’ shops. Thechief feature 


A NEW PNEUMATIC HOIST. 
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is the application of a special valve 
arrangement, which we illustrate. 

An air lift cylinder with a 6 in. piston 
and 4 ft. stroke is supplied with piston 
of the double leather type, and a tappet 
arm 2. The auxiliary cylinder 3 is of 
the differential type. The multiple way 
valve 4 is so ported as to allow pressure 
to pass through small pipe 5, to the 
large end of the auxiliary cylinder 3 just 
before the piston reaches the full upward 
stroke, moving the handle on valve 4 to 
position as shown. This opens a 14 in. 
exhaust port and allows pressure to 
escape through the connection 6, and 
the centre of the valve 4, while pressure 
is simultaneously admitted through pipe 
7 to top of the cylinder to force the 
piston 1 down until the tappet arm 2 
reaches the tappet 8, carrying piston 
rod g of auxiliary cylinder 3 down until 
the port in valve 6, communicating with 
large end of auxiliary cylinder 3, is 
opened. This allows the pressure to 
escape through pipe 5 and the centre 
of valve 4, when the constant pres- 
sure admitted to small end of auxiliary 
cylinder through the pipe 10 will move 
the piston in auxiliary cylinder 3 down. 
This carries the handle of the valve 
(which is provided with a jaw to fit 
loose over the piston g and between the 
two tappets) to a position which registers 
the port to receive air through pipe 6 
and exhaust from top of main cylinder 
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through and the centre of 
valve 4. 

In operation, the piece to be shortened 
is heated and hung on the lower hook, 
while piston 1 is clear down, with a 
chain that can be easily adjusted with 
slack enough to allow for shortening, 
the bar resting on the iron block or 
anvil. On opening the valve to pipe 11 
connecting with the air pressure supply, 
the piston rod 1 will travel up until the 
tappet arm 2 reaches the tappet 12, 
and moves the handle on valve 4 until 
pressure is admitted through pipe 5 to 
auxiliary cylinder 3. The piston being 
of greater diameter here than the cne 
on top, it will force the handle to full 
port opening, as shown for the exhaust 
through pipe 6 and valve 4. Simul- 
taneously the pressure is admitted 
through pipe 7 to top of main cylinder, 
forcing the piston and rod 1 down until 
the tappet arm 2 reaches tappet 8, which 
carries the piston rod g with it until the 
exhaust port in valve 4, that communi- 
cates with auxiliary cylinder 3 through 
pipe 5, will be opened just before the 
main ports in valve 4 open. ‘The pres- 
sure is then allowed to escape from the 
large end of the auxiliary cylinder 3, and 
with the constant pressure on the small 
end of the piston through the pipe Io, 
it will move the handle to valve 4 to the 
opposite position as shown, when the 
operation is repeated. 
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Manual of Electrical Undertakings 1900-1901. 


By Emile iGarcke, (Mob Sei 
London: Donington House, Norfolk 
Street, W.C. 12s. 6d. nett. 


This is the fifth annual volume of this 
manual, the value of which increases 
with each issue. It numbeéeredin Volume 
IV. 1036 pages, while the present one 


numbers 1272. This increase is a good 
indication of the year’s growth in elec- 
trical enterprise, for the present volume 
deals with 117 more undertakings than 
its predecessor. By employing a thinner 
paper, however, the size of the volume 
has been reduced, which adds to its 
value, for easy. reference. The informa- 
tion is again classified under Telegraph, 
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Telephone, Electricity Supply, Electric 
Traction, Electrical Manufacturing, and 
Miscellaneous Electrical Undertakings. 
Each of these sections is preceded by 
some general notes and figures applic- 
able to the particular branch of the 
industry. There are also, arranged 
alphabetically, a Directory of Officials, 
and Lists of Electrical Companies 
registered since 1856, giving the year of 
registration and the amount of capital. 
These lists, together with the particulars 
appearing under the above-mentioned 
sections, afford a record of all electrical 
companies formed under the Joint Stock 
Acts, and of all electrical undertakings 
belonging to local authorities. 

The work also contains a map showing 
the Electric Railways of London, con- 
structed and authorised. 

There are also historical notes of 
interest and importance on electrical 
undertakings. No one interested in 
electrical affairs can afford to be with- 
out this annual. 


Sewage Disposal Schemes: 
Local Government Board Require- 
ments. Tabulated by S. H. Adams, 
Orevork, Price 2s. 6d. 


This is got up in the shape of a chart, 
showing, as its title signifies, the Local 
Government Board requirements relat- 
ing to sewage disposal schemes. Copies 
should be in the hands of all sanitary 
engineers and surveyors. 
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The“ Practical Engineer” Pocket-Book, 1901. 


Manchester: The Technical Pub- 
lishinewGo. a lid-ss brice 1s. and 
Is. 6d. nett. 


This is the twelfth issue of this Pocket- 
Book, which engineers have now come 
to look upon as quite an old and trusty 
friend. We find that many additional 
tables have been included, and some 
sections rewritten. Two additions which 
have increased the value of the book are 
the recommendations of the Institution of 
Civil Engineers upon the best standard 
of efficiency for steam engines, and a 
table of multipliers for finding the initial 
mean or terminal pressures of steam 
with any given cut-off up to 44th stroke. 
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We again recommend it to our readers. 
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The * Practical Engineer” Electrical Pocket- 
Book, 1901. 
Manchester: The Technical Pub- 
lishinioe@ OG: eleti ae Ticemitm ane 
Is. 6d. nett. 


We have before us the second issue 
of this book, which we find has grown 
from 256 to 292 pages. The same care 
in compilation is evinced here as in 
the older publication to which we have 
just referred. Sections have been re- 
vised and valuable additions have been 
made, not the least important amongst 
which is a table to facilitate the pro- 
portioning of resistance frames. 


AN HOUR AT THE 


Selections from recently published Patent specifications. 


PAREN IOP RICE: 


Complete copies may be obtained at the Patent Ofhce Sale 
Branch, 25, Southampton Buildings, Chancery Lane, E.C. 


Price 8d. each.) 
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No, 23,545. ** Mills or Apparatus for Grind- 
ing and Polishing,” W. O. Bailey, of The 
Excelsior Works, Wenlock Road, City Road, 
London, Dated November 25th, 1899. 


The grinding ring is formed with a 
corrugated ratchet-shaped or other 


irregularly-shaped internal edge, such 
corrugations or the like extending a 
suitable distance into the grinding face 
of the ring. The irregular edge takes up 
the medium effectually, and also serves 
to distribute the medium equally in 
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between the grinding face and the sur- 
face to be ground, the centrifugal forces 
causing the medium to gradually travel 
to the outer edge or periphery of the ring. 
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No. 24,117. “ Power Hammers,” H. Guyot, 
of La Soutterraine, Department of Creuse, 
France, Dated December 4th, 1899. 

Two hammers are provided, and each 
may be operated separately by belt 
gearing or simultaneously by the com- 
bination of the belt gearing with a 
special engaging device in which the 
shaft consists of two portions adapted 
to be rendered rigid one with the other 
by means of a key. 
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No. 25,016. “Means for Cooling Motor 
Cylinders,” R, W. Barker, of Vulcan House, 
56, Ludgate Hill, London. Dated December 
16th, 1899, 


A continuous spiral fillet is provided’ #: 


on the external surface of the cylinder, 


the said fillet being similar to a SCHRWG 33 


thread, the pitch 5 which is very “fine, 
and the depth or thread being rather 
deep. A series of wide thin circular 
metallic pieces are screwed on to the 
fillets, and closely fit the same, and form 
wings for the purpose of cooling the 
metal of the cylinder. 
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No, 25,717. ‘Machines for Punching or 
Stamping Metal,” The David Kimberley & 
Sons’ Tool Manufacturing Co., Limited, and 
W. Kimberley, all of Highgate Tool Works, 
Emily Street, Birmingham, Dated December 
30th, 1899. 

A base or foundation of iron or steel 
is provided, having a tail-piece screwed 
at its lower portion for affixing to a 
bench, and with a square for use in a 
vice. Two levers of equal size are 
provided with a triangular or other 
projection at about three-quarters their 
length, and one lever or rocking bar 
with the projection quite at the end. 
This latter rocking bar or lever is 
pivoted at one end to the base with its 


adseribed, 
end zat the top auplens lever and 
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longer portion in the same line as the 
base or foundation; a handle is pro- 
vided at the opposite end to the pivoted 
portion, and by means of two rigid 
links the handle and the longer end of 
the rocking bar are connected by pivots. 
The two duplicate levers are pivoted 
at the projecting parts, and the ends of 
the levers at the longer ends are in turn 
pivoted, the lower one to the base and 
the higher one to the small rocking bar 
first described. At the vendsto7gsuas 
shortest or outward end of the duplicate 
levers holes are bored, the upper one to 
receive a stamp or punch, and the lower 
one to allow the passage of the piece of 
material punched from whatever the 
machine is used upon. The handle 
being depressed pulls down the vertical 
links, which draw with them the outer 
end of the small rocking lever bar first 
thus tilting up the nearer 


tilting, Ravay ,; the nearer end of the 
tate vitate lever, thus bringing 
down the punch on to the rate to 
be punched. 


No. 21,740 of 1899. J. Crabtree, of Lincoln, 
for “ Appliance for attaching and detaching 
a chain coupling between railway waggons,” 


The appliance consists of a main 
shaft or bar mounted to slide and rotate 
in links fixed at the ends of the waggons 
and of arms on the bar engaging with 
the end coupling link. By rotating the 
bar the end coupling link is raised and 
then the bar can be swung forwards or 
backwards by means of the links to pass 
the end coupling link over the hook. 
The coupling link can be _ brought 
exactly opposite the hook by sliding the 
bar sideways in the links. The bar is 
provided with handles or levers at each 
end which are so placed as to be at or 
near the outside of the buffers of the 
waggon where they can be conveniently 
got at. 
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The Present Position of Underground 
Electric Railroads. 

Engineers have, of late, been eagerly 
on the look-out for information regard- 
ing the twin tunnel electric underground 
lines of London. The three which are 
already in operation are clearly furnish- 
ing those concerned with theconstruction 
and equipment of new and similar rail- 
ways, with most valuable object lessons. 
An examination of the systems of the 
Waterloo and City, the City and South 
London, and the Central London Rail- 
ways brings home to one’s mind the fact 
that in the construction, electrical equip- 
ment, and working of these three lines 
there are to be found many things which 
will not be found in later undertakings 
of their kind. It does not appear, as 
yet, to have been definitely decided as to 
whether the tunnels should be ‘“close- 
fitting,” or whether they shall be of 
much larger diameter; nor is there 
anything approaching to certainty in 
regard to the system of electrical work- 
ing, whether locomotives of light 
construction, as on the South London, 
or heavy ones, as on the Central London, 
are the right thing ; and, again, whether 
multiple unit methods, of which there 
are several available, are, or are not, 
capable of providing a_ satisfactory 
solution of the whole problem. The 
smaller, close-fitting tube principle is 
being avoided on the Great Northern 
and City Line now in course of con- 


struction, and the tunnels will be of a 
greatly larger diameter (16 ft.). The 
objects of this divergence from ideas 
laid down over ten years ago and closely 
followed until now, are to improve the 
air circulation and ventilation, at the 
same time reducing the resistance to the 
train, with a resultant power economy. 
Further, the larger tunnels willadmit of 
space being allowed by the side of the 
train, so that with side doors passengers 
need not remain long in jeopardy in the 
event of stoppages, from any cause 
whatsoever, in the tunnels. Yet, again, 
a further advantage of the larger tunnel 
is that it admits of the largest rolling 
stock manufactured to be taken 
advantage of if desirable. These satis- 
factory features are not to be obtained 
without a heavier capital expenditure 
than on the ‘“‘ tube”’ lines, and in some 
quarters there exists scepticism as to 
whether the business to be done will 
give a good return upon the outlay. 
One other point of difference between 
this and previous lines is to be found 
in the substitution of brickwork in 
cement for the lower half of the tunnels, 
Sir Charles Scotter recently explained 
that the tunnels are made and lined 
with iron, and after the line is completed 
and the tunnel is projected forward, the 
lower half of the iron shields are taken 
out and brindle bricks in cement sub- 
stituted ; so that the lower half of the 
tunnel is ironwork, and the upper half 
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iron segment. It is considered that 
with this method of construction all 
possibilities of vibration will be reduced 
tora minimum, ~ When thessGrear 
Northern and City Railway first 
came before the public, it was intended 
to employ electric locomotives; but 
railway authorities and others seem to 
regard the heavy locomotives of the 
Central London as being at the bottom 
of the vibration troubles. Evidently 
falling into line with this view, the board 
of the Great Northern and City now 
appears to be quite open to adopt 
“multiple unit’? traction, with the 
motors distributed throughout the length 
of the train, on the different carriages. 
One must not overlook the fact that to 
the City and South London Railway 
belongs much credit for the very valuable 
pioneering work which it has accom- 
plished. It is interesting to learn that 
since this railway started running, now 
nearly eleven years ago, not a single 
complaint as to vibration has been made 
by residents in the streets above. In 
Mr. Mott’s opinion, the reason lies in 
the lightness of the locomotives and 
rolling stock. It seems that the entire 
weight of a City and South London 
train is not so great as that of the 
locomotive alone on the Central London. 
Certain points in the Central London 
permanent - way are also regarded 
as contributory causes of the vibratory 
troubles; but as the Board of Trade 
Committee will shortly conclude its 
investigation of the matter, we shall 
doubtless know the real facts of the case 
before long. The general opinion is 
that the complaints of vibration effects 
are grossly exaggerated. 

It is not within our province to 
consider the financial positions of these 
railways, but it is satisfactory to find 
them all paying dividends, although as 
yet they are small. The working 
expenses, however, are interesting. 
Fuel and materials are of course very 
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high in price, and have affected this 
item. The Central London working 
expenses are now figuring at 582 per 
cent. of the receipts; the Waterloo and 
City are below 55 per cent.; and the 
City and South London are 56} per 
cent. _If from the last figure the cost 
of working the lifts was deducted, the 
cost of working the railway would be 
only 48 to 49 per cent. 

That these electric underground rail- 
ways are meeting a long experienced 
need is very evident from the large 
traffic which they are carrying from 
day to day. The Central London is 
carrying something like thirty millions 
of passengers per annum, the Waterloo 
and City about four or five millions, and 
the City and South London considerably 
more than ten millions. 


The New Proposed Compass Card. 


We are enabled to give a reproduction 
of the new design for Compass Card 
proposed by the Hydrographic Office 
of the United States. It will be seen 
that the card is graduated in a circle of 
degrees continuously to the right from 
o° to 360°, omitting the present system 
of points. The designer’s explanation 
of it (which we take from ‘“‘ The Marine 
Review ’’) is as follows :— 

The circumference of the card is 
divided into the usual 360 degrees and 
marked continuously to the right, from 
o° at north to go at east, 180° at south, 
270° at west, and 360° at north. The 
card is subdivided as follows: 

(a.) Into divisions of 10 degrees, 
accentuated by heavy lines on the gra- 
duated rim, and by suitable geometric 
figures on the card, each 1o-degree 
division of the card being indicated in 
figures by its appropriate number from 
o° or north. 

().) Each r1o-degree division of the 
card is further subdivided into half 


Engineering Topics, 


and quarter divisions, and appropriately 
marked, 
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duplication of work. A comparison of 
a few leading features of the present 


aa ee 


752 au om a= © 
LORS TIT aL) 


NEW DESIGN FOR COMPASS CARD PROPOSED BY THE HYDROGRAPHIC OFFICE OF THE 
UNITED STATES. 


(c.) Every fifth-degree line. of the 
graduated circle between the 1o-degree 
divisions is marked in figures, indicating 
its appropriate number from o° or north. 

(d.) The cardinal and intercardinal 
directions are emphasised on the card 
in geometric figures. 

The object of the proposed change is 
to omit the present system of points 
and fractions thereof, and use degrees 
only. ‘The present card contains points 
and degrees. The conversion of one 
into the other is a natural result of the 
presence of both, but is not a necessity, 
as would speedily be recognised were 
the points omitted. Accuracy requires 
expression in degrees for courses, bear- 
ings, and compass errors, and not in 


points, the use of. which is but a 


system with that proposed is given 
below : 
PRESENT CARD: 

360° ="32 points: 

Ty point = 1125. 

4 point = 5°625°. 

1 point = 2°8125°. 

Graduated circle is marked in degrees 
in each quadrant, from o° at north and 
south, to go° at east and west. 

The fitth= pomt is “N:E.-by E., or 
Net 5 0. ans 

The thirteenth point is S.E. by S., or 
S.-93°e2 i: | 

Ubheeourseis 5 toel.-,00s: Dye be 

fasterly deviation is additive in the 
N.E. and S.W. quadrants; subtractive 
in the S.E. and N.W. quadrants, to 
compass course to get magnetic. 
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Westerly deviation is subtractive in 
N.E. and S.W, quadrants; additive in 
S.E. and N.W. quadrants, to compass 
course to get magnetic. 


FROPOSED GARD: 
360° = 36 divisions. 
I-division=— 107 
4 division = 5. 

j division = 2°5°. 

Graduated circle is marked in degrees 
continuously to the right from o° at 
north to 360° at north again. 

The fifth division is 50°, a multiple 
Of Lo:, 

The thirteenth division is 
multiple of 10°. 

The courseyis/162 , 

Easterly deviation is always additive 
to compass course to get magnetic. 

Westerly deviation is always subtrac- 
tive from compass course to get magnetic. 
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In line with the proposed card, the 
compass rose on the chart should be 
marked from o° at north continuously 
to the right to 360°, omitting the present 
system of points. The sailing directions 
should give courses and bearings in 
degrees, and not in points. The azimuth 
tables would require only a change in 
the rules given at the bottom of the 
page, as follows: 

When the latitude and declination 
are of the same or contrary name— 

In north latitude the azimuth is the 
tabulated value when the time is a.m. 

In north latitude the azimuth is 360° 
minus the tabulated value when the 
time 1s p.m. 

In south latitude the azimuth is 180° 
minus the tabulated value when the 
timeriseaa 

In south latitude the azimuth is 180° 
plus the tabulated value when the time 
is p.m. 

No other change in the tables would 
be necessary. Such tables as that on 
page 8 of Bowditch, and tables 1 and 
5A, would be eliminated. 
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It is believed that the. proposed 
marking of the compass card would 
result in greater accuracy in navigation 
in its relation to the compass. Courses 
would be laid in degrees, and more 
accurately noted, as the approximate 
course of S.W. by W. 4 W. “a little 
westerly,” for example, would be re- 
placed by the exact course of 240°. 
Chances of error in the application of 
the deviation to compass courses would 
be lessened. Conversion of points into 
degrees, and the reverse, would be 
eliminated from the problem. Boxing 
the compass would be a matter of a 
few minutes’ instruction to the layman 
of average intelligence. Sailing direc- 
tions would be simplified. All work 
in relation to the compass would be 
facilitated. 

The Nilgiri Mountain Railway. 

An interesting paper was recently 
read before the Institution of Civil 
Engineers by Mr. W. J. Weightman, 
M.Inst.C.E., on The Nilgiri Mountain 
Railway. 

The author stated that this railway 
was notable as being the first Abt-rack 
railway constructed in India, and, at 
present, the longest of its class in the 
world. It was, moreover, the first for 
which all the plant and material was 
manufactured in England. The price 
paid for the steel rack was £14 Ios. od. 
per ton, f.o. b., plus a royalty of £5 2s. gd. 
per ton. This rate was considerably 
lower than those quoted by the German 
firms, who had hitherto had a monopoly 
for this sort of work. The line was one 
of the few using wooden instead of .steel 
sleepers. 

The railway was chiefly designed to 
serve the important towns of Ootaca- 
mund, the summer headquarters of the 
Madras Government, Coonoor, Kotageri 
and Wellington, the latter being the 
military sanatorium for South India 
and Burmah. It was sixteen and three- 
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quarter miles long, and from its starting 
point at Mettapollium on the Madras 
Railway, ascended nearly 5,000 ft. to 
the plateau on the Nilgiri Hills. The 
first four and three-quarter miles were 
adhesion-line with gradients not exceed- 
ing rt in4o; the remaining twelve miles 
were built on the Abt-rack system, and 
had aruling gradient of 1 in 124. The 
metre-gauge was adopted, and of the 
whole line nine miles consisted of curves. 
Details were given of the survey and 
laying out of the line, the operations for 
which were of a very arduous character, 
owing to the dense jungle and steep 
hillsides which had to be traversed. 
The formation-width was everywhere 
sixteen feet, and as the rainfall was 
frequently six inches in as many hours, 
the greatest possible care was taken 
to see that it was effectually drained. 
There were twenty-three large bridges 
and 113 small ones. There were nine 
tunnels on the line, the longest being 
325 ft. They called for no special re- 
mark as regarded their construction. 
It was noticed, in working, that the 
air in the tunnels got very bad when 
the engine had a full load, especially 
if fuel had just been added. This was 
due to the continuous up-draught caused 
by the incline, which made the smoke, 
etc., travel at the same pace as the train. 
It did not cause much inconvenience, 
owing to the shortness of the tunnels. 
The cost of the line was approximately 
£15,000 per mile; and a contemplated 
extension of eleven and a half miles 
was estimated for at £11,000 per mile. 
The chief engineering interest centred 
in the permanent-way, which consisted 
of 50 lb. steel, flat-footed rails, 28-14 ft. 
long, laid on Burmese ‘ Pyngadu”’ 
sleepers, 6 ft. by 8 in. by 44 in., the last 
dimension being increased to six inches on 
the Ghat section, where the sleepers had 
also to carry the rack. The rack-bars 
were of steel, ten feet long and 0°87 in, 
thick, with a tensile strength of thirty 
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tons per square inch with machine-slotted 
teeth. The greatest care was exercised 
in their manufacture as regarded pitch, 
shape of teeth, length of bar, and position 
of bolt-holes. The whole of this material 
was made by Messrs. Cammell and Co., 
of Sheffield, who devised a_ special 
machine for slotting the teeth. The 
cost of the double rack was 16s. per 
yard. The spring entering-tongues cost 
A321 5s 2d.) cacy, ulledetailse were 
given of the method employed for laying 
the permanent-way, which had to be 
carried out with the greatest precision, 
the whole being considered in the light 
of a machine of which every part had 
to work with machine-like accuracy. 

The locomotives were of the type 
known as ‘‘combined”’ Abt engines, 
that was, they could run either on rack 
or on ordinary line. Each engine had 
six wheels, two feet six inches in diameter, 
the trailing pairs being coupled. A jet 
of hot water was successfully used to 
decrease the wear of the tires, on the 
328-ft. curves, due to the somewhat 
long-wheel base of ten feet. The total 
weight of the engines, including 625 
gallons of water and one ton of fuel, was 
thirty-three tons. They were made by 
Messrs. Beyer, Peacock and Co., of 
Manchester, and cost £2,600 each. 
The rolling stock at present consisted 
of four rack-locomotives, sixteen goods- 
waggons, four first-class coaches, four 
composite coaches, and four brake-vans. 
Two passenger trains and two goods 
trains were run each way daily. The 
speed was limited to eight miles an hour 
on the Ghat section, and twenty miles 
an hour on the adhesion section, The 
passenger fares charged were Rupees 
Io, 5, and 1 for first, second, and third 
class respectively, for the ascending 
journey, and half those fares for the 
descending journey. 

The author explained at length the 
method of working the line and the 
system of braking adopted. Before the 
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line was opened for traffic a series of 
brake experiments was made with a 
fully-loaded train of 100 tons gross 
weight. With an ascending train at 
speeds of 6, 8, and ro miles per hour on 
a Iin 124 gradient, stops were made in 
24, 36, and 60 ft. respectively; with 
a descending train at various speeds 
ranging from 4 to 12 miles per hour, 
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relative stops were made in 54 ft., 
increasing to 425 ft. 
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Measurement of Water in Irrigation. 
A very valuable report has just been 
issued by the United States Department 
of Agriculture on the Use of Water 
in Irrigation.* It is accompanied by 
numerous illustrations and tables, and 
amongst other phases of the subject, 
describes some of the instruments 
employed in recording amounts of 
water used. Some of these instruments 
we here illustrate. They are intended 
to continuously and automatically record 
the quantity of’ water used at weirs and 


* London, P. S. King & Son. 7s. 6d. 
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flumes for irrigation purposes. It has not 
been found practicable to use a meter to 
measure the volume delivered, therefore 
in the United States it has been the 
practice to place a weir or flume in each 
canal, and then, by means of suitable 
instruments, keep a continuous record of 
the depth of the water delivered. In 
the instrument (Fig. 5) the rise and fall 
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FIG, 5.—INSTRUMENT UTILISED FOR REGISTERING DAILY QUANTITIES OF WATER USED FOR 
IRRIGATION PURPOSES. 


of the water in the ditch or lateral raises 
and lowers a float and counterweight. 
The latter are connected by a cord, 
which passes over the end of a cylinder, 
which is revolved by the cord’s move- 
ment as the float rises and falls with 
the changes of depth in the stream. 
Around this cylinder is fastened a paper 
divided into rectangular spaces, the time 
divisions being parallel to its axis, and 
the depth division at right angles thereto. 
The pen or pencil making the record is 
moved along this cylinder by clockwork, 
passing from one end to the other ina 
week, when the paper is changed, and 
the pen returned to the starting point. 
The fluctuation in discharge creates a 
zigzag line, a wide variation in depth 
sometimes causing the cylinder to make 
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FIG. 6.—RICHARD BROS’. IRRIGATION WATER REGISTER, 


a complete revolution. As the pen or 
pencil follows this and records it, any 
number of revolutions could be made 
without a loss of the record. A number 
of registers of other patterns are also 
used. The Richard Brothers’ register 
(Fig. 6) is utilised in the measurements 
in Arizona, the instruments being loaned 
by the University of Arizona. The 
““ Wyoming” nilometer (Fig. 7) is used 
at the Wyoming and Nebraska stations. 
The ‘“‘ Irving”’ register (Fig. 8) is used 
on the Gage Canal in California. The 
‘“‘Friez”’ register (Fig. 9g) is a new form, 
which will be used in the investigations 
of the United States Government Depart- 
ment next year. 
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The Liberty and Property Defence 
League. 


-This League has just issued its 
Eighteenth Annual Report, the greater 
part of which is devoted to a record of 
the action taken by the Parliamentary 
Committee. Lists of the bills opposed 
by the League during the chief session of 
1g00 are grouped with short summaries: 
of the proposals and effects involved, 


according as they affected land and 
houses, commerce, trade and industry, 
etc. In connection with the former, 
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FIG. 7.—THE ‘‘ WYOMING’’ NILOMETER FOR MEASURING 
WATER USED IN IRRIGATION. 
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special attention is called to the 
Agricultural Holdings Bill. and the 
Borough Funds Bill, of which the first 
mentioned became law, and the latter 
was defeated. The grounds of opposition 
to the Government measure were that 
it was’ an example of unnecessary 
legislative interference with contracts, 
and that it was an example of the 


pernicious system of legislation by 
reference. The defeat of the Borough 
Funds Bill, the League claims, was 


wholly owing to its action in getting 
“several pages of amendments put on 
the paper.” The report of the Select 
Committee inquiring into boiler registra- 
tion is quoted with satisfaction. The 
Committee, it will) be remembered, 
reported strongly against the advisability 
of legislation, holding it of the greatest 
importance to maintain the responsibility 
of the boiler-user for the condition and 
safety of the boiler which he works, and 
believing that legislation giving any 
Government department control over 
the inspection of boilers would be a 
grave mistake, and that State certifica- 
tion of registration, unless accompanied 
by State control, would not be of any 
practical value. In inviting membership, 
the Report states that it is only by 
vigilant watching and prompt action, 
such as that of the League, that many 
Bills to which property owners take 
exception are prevented from becoming 
law. The Report also pays special 
attention to the proceedings of the Muni- 
cipal Trading Committee, and to the 
success of the various Electricity Supply 
Bills, the passage of which the League 
claims to have materially assisted. 
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Shop Libraries. 

That is a good idea adopted by the 
proprietors of some large machine and 
engine works to have a shop library 
on the premises for the use of the work- 
men. Especially is this an admirable 
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FIG. 8.—THE “‘IRVING” REGISTER, 


scheme for extensive manufactories and 
mills which are located at a distance 
from cities and towns having public 
libraries. 

‘“‘T have in mind,” says a writer in 
our American contemporary, ‘‘ Modern 
Machinery,” ‘¢a large machine shop in 
the East where the proprietors provide 
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a free library on the premises for ‘all 
hands.’ <A large, plain room is fitted 


up with shelves and a librarian’s desk. 
The books are classified under heads 
of ‘History,’ ‘Biography,’ ‘Travels,’ 
‘Fiction,’ ‘Mechanics,’ ‘ Engineering,’ 


‘ Dic- 


‘Magazines,’ ‘Encyclopedias,’ 
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‘«« Every workman is provided with a 
catalogue. 

‘‘ Books may be kept for two weeks 
and then ‘renewed,’ if desired, at the 
expiration of the allotted time. In order 
to avoid confusion and to save time, the 
library is open every Saturday for two 
hours when the regu- 
lar work-day hours 
have ended. 

“Another good 
thing about this shop 
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FIG. 9,—THE ‘‘ FRIEZ”’ 
tionaries, etc. New books are added 
from time to time, and the workmen 
have the privilege of recording in a 
suitable manuscript book the titles of 
books which they are desirous. to have 
placed in the library. These, of course, 
are submitted to the judgment of the 
proprietor, the purchase of them being 
optional with him. 
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“ia library is that any 
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ea ig] any outsider  inte- 

rested in the useful- 


ness of the library, 
may contribute a 
book. or a-. set 7s 
volumes on the ap- 
proval and accept- 
ance of the pro- 
prietor. The chief 
aim of the proprietor 
is to furnish his work- 
men and apprentices 
with elementary and 
educational works on 
natural philosophy, 
mechanics, machi- 
nery, drawing, men- 
suration, engineering, 
chemistry, and applied 


: Te eT 
| | | | a science; after that, 
i A I) books for family read- 
bs \\' yy” ing and amusement. 
SN ‘The only regula- 
tions or stipulations 
in connection with 
this library are that if books are kept 
beyond the allotted time a fine of 25 cents 
per day is imposed, and no other book 
can be loaned until the fine is paid. A 
second regulation is that books must be 
returned as far as possible in good, un- 
torn, and unstained condition. The fine 
of 25 cents per day may appear high, 
but a strict enforcement precludes all 
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disagreeable friction and misunderstand- 
ings. The workmen appreciate this 
library, and are interested in it, use it 
freely, and are proud to refer to it as 
‘Our Library.’ The books are all kept 
in good condition. The librarian hasa 
simple but very practical system, and 
is paid for his services. The ‘fine 
money’ is devoted to the purchase of 
new books. 

‘¢ Now, 1s there any reason why every 
large manufactory and mill should not 
have a library—one instituted, organised, 
and conducted by themselves ? 

«The writer, some years ago, in Brook- 
lyn, N.Y., organised a ‘ Working-men’s 
Club,’ and with little effort raised a 
library of 1,000 books within thirty 
days. And this in a city which had a 
public free library of 50,000 books! If 
this could be done in a city of churches, 
schools, books, magazines, and news- 
papers, what could be done for a 
manufactory in a suburban locality, 
where there are -hundreds of persons 
at work who have no ready access to 
a free library ? 

‘“There are few corporations, if any, 
who would not give a library room on 
the factory premises for the exclusive 
use of their employés. Four requisites 
only séem necessary : 

“1. A large, suitable room on the 
premises, apart from the general and 
private offices, and fitted up appro- 
priately for the purpose. 

‘2. A competent managing librarian. 

“3, A judicious selection of classified 
books. 

‘“*4. A system such as is followed in 
the machine works before referred to. 
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‘‘Here is a little calculation for 
thinking workmen: Number of em- 
ployés, 1,000; number of books con- 
tributed by workmen on the premises, 
250; number of books contributed by 
the company, or proprietors, or friends, 
500; number of books donated by 
publishers and those interested in the 
scheme, 500; total number of books, 
250 + 500 + 500 = 1,250 books as a 
starter. 

‘*The primary object of a workmen’s 
library should be the getting together of 
books which treat on his trade, occupa- 
tion, and calling; and then books for 
his family, to the positive exclusion of 
trashy, unwholesome, and undesirable 
literature. 

‘‘Magazines and trade papers are 
nearly always gladly donated — for 
working-men’s libraries. 

«The daily newspaper has the largest 
field and the greatest patronage by all 
classes of society. But the daily news- 
paper can never take the place of the 
instructive journals and trade literature 
in imparting useful knowledge to work- 
men and tradesmen. 

‘‘’There are hundreds of places more 
or less remote from cities where the life 
is essentially and absolutely factory life, 
where men and women toil monotonously 
day after day, and where instructive 
booksand healthy, clean literature should 
be as accessible as the ten-cent novels 
and silly romances which are so eagerly 
procured, and, unfortunately, so eagerly 
read. Hence the shop library becomes 
a boon of great value not only to-the 
workmen themselves, but also to their 
families.” 
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By R. GORDON SHARP. 
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HE electro-motor has been dis- 
placing the steam-engine lately 
to such an extent, that we are 

almost at the point of raising the motor 
to the significance of a prime mover. 
The connecting wire, or cable, between 
the motor and the dynamo at the engine, 
or other prime mover, is so small and 
unobtrusive that it is hardly noticeable. 
It is quite a common thing to hear of 
cases in which.a number of small and 
worn-out engines, of an obsolete type, 
have been thrown out and replaced by 
motors, with apparent economy in coal 
and water consumption astheresult. In 
these cases, the dynamos for supplying 
current to the motors are hitched on to 
engines of latest design, which embrace 
all the best known methods and appli- 
ances for efficient working. We seldom 
get to know how much of the saving is 
due to the improved engines, boilers, 
high-pressure steam, and such like, and 
how much to the electrical part of the 
new plant. We are quite as much in 
the dark as to how much extra capital 
has been sunk in the new installation. 
No one has the least doubt of the 
fact that there are any number of cases 
in which the substitution of motor 
driving for direct steam-engine driving 
must result ina saving of money. There 
is as little question about its wide and 
almost universal adaptability, its com- 
pactness, cleanliness, and such like. 
These qualities are obvious, but in 
many cases they have to be secured at 
considerable cost. Whether they are 
worth the price is quite another ques- 


tion. ‘The financial test is, after all, the 
crucial one, and yet electrical engineers, 
in some instances, go the length of ad- 
vising the adoption of electrical driving, 
where it will not stand the searching 
inquisition of the profit and loss account. 
They do so on general grounds, such as, 
‘‘adopt electric driving, and you will 
very soon find out its advantages in 
extra output, greater adaptability,” and 
so on, but it is not always possible to 
show on paper that there would be a 
money or other palpable advantage. 

Perhaps the best way of following up 
the matter will be by taking a case in 
point. 

A ‘*muill” for wood-working purposes 
is considered by many to be a very 
suitable subject for the adoption of 
electric driving of the various machines. 
In a shop of this description the 
machines have generally to be a good 
deal scattered over the floor, and often 
they work intermittently. These two 
considerations are admittedly in favour 
of electric driving. 

The diagrammatic plan (Fig. 1) shows 
the number and arrangement of machines 
as proposed to be laid down in the corner 
of a small shop for carriage and waggon 
building. The machines have been 
placed on the plan in the most approved 
order and position for turning out work, 
while giving comfortable floor space for 
templating and piling up the timber 
beside the machines. The following isa 
list of the machines, with the approximate 
maximum brake horse-power required 


by each. 
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FIG. I.—ARRANGEMENT OF WOOD-WORKING MACHINERY, 


Woop-WoRKING MACHINERY. 


Maximum 
No, Machines, .h.-p. 
Required. 
I CLOSS*CUL SAW, eck agete eee 12 
e. BRE isi ame Ne ere a oe, te 15 
3 Band hee Efe ee 7 
4 Pourrside planer .2,..4:...., 2 
5 Panel np) test Sy ee ane 12 
6 renOiereme. 4s eral, §, 6 
7 Morticer and borer (large) 6 
8 S * », (small) 3 
9 SOM C Yale, ti eee sh, ale ik 3 
10 Irregular moulder ......... 5 
II Two turning lathes......... 3 
12 Four machines for grind- 
POP LOOKS reeset: ee cee vtere 2 
PDOTAL e See ets vans 86 


The h.-p. for the several machines has 
been calculated from the size and speed 
of belts as used in actual practice, 
According to this computation, the h.-p. 
colMlesmouteyvery-bighs | Invfact, it 1s, in 
several cases, much higher than seems 
necessary. It seems, however, to be a 
case of the survival of the fittest, as it 
is likely that makers have found it neces- 
sary to provide a large margin of power, 
so as toavoid frequent breakdown, For 
the same reason, a reliable engineer 
would take care to have ample margin 
of power if motors were being installed, 
and this, too, with the knowledge that 
motors are now made so as to take 50, or 


even higher, per cent. overload for a short 
period, without any bad effect. At all 
events, the figures are sufficiently near 
the actual to admit of comparative 
estimates being made of the necessary 
capital expenditure and working cost, 
under the three different conditions 
about to be considered. Any adjust- 
ment of the power which might be made 
would affect the general result so little 
as to be of no account. 

There are three outstanding methods, 
any of which might be adopted for 
driving the machinery, viz. :— 

(A) By a steam-engine and 
shafting in the ordinary way. 

(B) By applying an electro-motor in 
the place of a steam-engine. 

(c) By attaching a separate electro- 
motor to each machine, or (as in the 
case of very small machines) to groups 
of machines. 

In considering methods (a) and (B), 
it must be reckoned that, although the 
aggregate power required by the machines 
appears as 86 horse-power, it would be 
almost a physical impossibility for the 
whole power to be required at one and 
thesame time. If one machine happens 
to be working atits maximum, others will 
probably be working very light. This 
is found to be the case in practice. | 


line 
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It would, therefore, be a mistake to lay 
down an engine or electro-motor to give 
86 h.-p. at the machines, unless allow- 
ances were being made for extensions, 
which cannot be considered here. If 
plant for 60 h.-p. (maximum), or about 
two-thirds of the aggregate, be provided, 
that would be ample. This will, there- 
fore, form the basis of the estimates for 
methods (a) and (B), so far as capital 
expenditure is concerned. 

In method (c) any one machine may 
be required to work at its maximum at 
any time, thus making it necessary to 
provide motors accordingly. 

Each motor must be rated some- 
where near the maximum power of its 
machine, perhaps a little under it, as 
there would be no difficulty about taking 
a temporary overload of 25 to 50 per 
cent. 

In making up the estimates the figures 
will be taken from the present ruling 
prices, but the difficulty of presenting 
conclusive statements will be appre- 
ciated by all who have to deal with 
the preparation and consideration of 
estimates. Two makers of dynamos 
or motors of equal power, adaptability, 
etc., will differ as much as 50 per cent. 
in price. 

In connection with the working cost, 
the maximum power necessary has been 
placed at 60 b.h.-p., but the average 
will be much less than this, and may be 
taken at 45, which is three-fourths of 
the maximum. While this is so, there 
will be a considerable amount of time 
during which the machines must be 
standing for readjustment, etc. It should 
not, however, exceed one-fourth of the 
total working hours. ‘Taking the total 
working hours at 2,700 per annum, each 
machine will be idle for 675 hours, and 
they will collectively require 45 b.h.-p. 
for 2,025 hours. 

On this basis the following calcula- 
tions have been made as to working 
cost. 
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METHop (4). 
Capital Expenditure. 1s 


Boiler house, coal bunker, etc. ... 80 
Boiler with steam pipes, valves, 
feed-pump, feed - heater, etc., 


complete and in position ...... 320 
Engine in-posttiOn ac -¢c. aaa 280° 
Extra on roof to take overhead 

shatting’ =. Siicp ce -..23-s 7 78 
Shafting, pulleys, bearings, etc.... 180 
Belting’. 22. s.) s,s.ce see 104 
Spare parts for engine, etc. 50 

Total, ee | £1,092 


METHOD (A). 


Working Cost Per Annum. if 

Interest on capital expenditure, | 

£1,092 at 34 per cent. ..4.09m cio ae 
Over all depreciation, 4 per cent. 

ete J 31092 x 2 “hho 328 

I 4 

Over all maintenance, {1,092 at | : 

2% PCT CONty j5..25>casupe ae ee ex se a 
Coal at 3 lbs. per h.-p. per hour, | 

and ‘12s; per ton’ .t:sasneeee )r03:62 4 
Water, oil, packing, etc. (water at 

4d. per; 1,000 gallons) <:.22,-aeee imag os 
Attendant’s wages “.......:,1essieee | 65 

Total “33a +2022 


In this case 6 h.-p. has been allowed 
for driving the engine alone, and 8 h.-p. 
for the shafting, the total horse-power 
hours working out to 128,925 per 
annum. 


METHOD (Bs). 


Capital Expenditure. £ 
Proportionate share of cost of — 
Boiler house .22:..%.. «sae seeeeee 20 
Boiler, etc; 2...i50ce.tehs eee Ig0 
Power: house’ s..i5..-..2.eee eee 30 
Engine and dynamo ............ 500 
Switch=board {iirc pees 1505 
Spare parts for engine and 
dynamo :4.A5.80sAesees: ae eee go 
Motor (including starting 
switches éte.)™. ....3) eee 260 
Main cables from dynamo to 
MOLOL. Ss.aep ss ehgeaeete seen ee eee 160 
Extra on roof to take overhead 
shaitingi.. cr .st ween pe eee 78 
Betting ys jc. ecas cater ahaa eee 104 
Main shafting, pulleys, bearings, 
CLOG aot cn cteera es eeeeacetee 180 
Spare armature for motor .,....... 70 
Total sieAte. aon £1,697 
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METHOD (B). 


Working Cost Per Annum, £ 
Interest on capital expenditure, 
Pa M7 al sat POL CONT ccc csceyn 59°4 
Over all depreciation, 4 per cent. 
Ot [EOF Fo .c6e ds Gyre intarse 50°9 
Over all maintenance, £1,697 at 
Pee PETA CEU tiers sen sume Oh chee coe aee ss 42°4 
Coal at 3 lbs. per h.-p. per hour 
BIIRIAS se DCTs LOM" yates dood. chk sa 1250 
Water, oil, packing, etc. (water at 
age oer 1,000. gallons)”. .2..01..2: 130 
Attendant’s wages, £05 peor te 2167 
3 t 
Total £312 401 


The power required at the machines 
is 45 h.-p., while 8 h.-p. is absorbed in 
the shafting, making a total of 53 h.-p. 
to be given off at the motor for 2,025 
hours per annum. During this, the 
combined efficiency of the engine and 
dynamo is taken at 88 per cent., the 
motor at 85 per cent., and the cables, 
Glc., at797 per cent, 

During the idle time of 675 hours, it 
has been estimated that 12°8 1.h.-p. would 
be required to keep the shafting, etc., 
at the normal speed. 

The total horse-power hours work 
out to 156,560 per annum. 


METHOD (Cc). 


Capital Expenditure. if 

Proportionate share of cost of — 

DOU eh DOUSG ine tes Sh onn Greece | 20 

BOUCiNGLE rr er ce sorter cess 190 

Pamerin Ouse: oy. a salaee vee tone one 30 

Bnsing AnG.cynamo: ae... seca 500 

SWILCIU ete, DOATOS aces oestds sos 50 

Spare parts for engine, dynamo, 

AMC IMOtOlSs 1). seacet owen he. 5 o8 | 150 

Motors (including _ starting - 

switches and wiring from dis- 

PID ULI Doan Nested. Locc., cetemeld 770 
Main cable from dynamo to dis- 

Hieleibiniera | afechgahh cy opera get Bae 160 
Be Ue Merge ute, eee ceca sisinns | 30 
Shafting, pulleys, and bearings... 40 
; Ota Lar assess. £1,940 
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METHOD (c). 
Working Cost Per Annum. fe 
| . : . 
Interest on capital expenditure, 
Pl OAG at se Del COU -netcee anne 57:05, 
Over all depreciation, £1,940 x 4, 
Dt 4a Dek CON Us vrecacteg tesa erences 58°2 
Over all maintenance, £1,940 at 
Qe OGL Conia ci terdet<coss ecasatt 48°5 
Coal at 3 lbs. perh.-p. per hour at 
B2Se Del nLOM acs ote cay se ssc cteatg ce * 109°5 
Water, oil, packing, etc. (water at 
Ags per-tood gallons) \..02....0.. 130 
Attendant’s wages, LSet WEE) zing 
3 
Ot Fares £318'8 


In methods (8) and (c) it might be 
legitimate to reduce the coal per h.-p, 
hour below that given for method (a), 
on account of the higher efficiency of 
large engines. The amount in this 
example could not be of much account. 

During the 2,025 machining hours an 
average of 45 total h.-p. would be 
required at the machines. 

The combined efficiency of the engine 
and dynamo has been taken at 88 per 
cent., and it has been assumed that the 
average efficiency of all the motors 
would not exceed 80 per cent., seeing 
they would be generally working very 
much under their maximum power be- 
sides being of comparatively low power. 
The efficiency of the cables, switches, 
etc., would be about 97 per cent. 

There would be very little loss during 
the 675 idle hours, and it may therefore 
be ignored. 

The total horse-power hours work 
out to 136,282 per annum in this case, 
allowing a slight amount for counter 
shafting. 

In estimating the depreciation, it has 
been assumed in each case that three- 
fourths of the initial cost would have to 
be written off in 25 years, when the 
plant would be valued at one-fourth its 
original cost. 

It will be seen that the annual 
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working cost by the three methods as 
estimated is as follows, viz. :— 


Method (A) .2- st: - +4: £2812 
” (B) eee Spee 
” (Cc) SRE Sa rate 318°8 


the ratios being approximately 100, III, 
and 113 respectively. 

The foregoing figures are admittedly 
only approximations, but they are per- 
haps as near the actual as can be gauged ; 
in fact, they have been arrived at after 
very careful consideration of all the con- 
ditions obtaining in an existing example. 
If they err at all, it is in favour of 
electric driving, so as to avoid all un- 
intentional partiality to the ordinary 
method of direct driving from a steam- 
engine. 

The heavy capital outlay militates 
strongly against electric driving, while 
it would appear that it would also suffer 
on account of increased coalconsumption, 

This is not generally supposed to be 
the case. It is not an unusual thing to 
hear of 10, 15,.and 20 per cent. savings 
in the coal bill by the adoption of electric 
driving. One would be quite prepared 
to accept this in the case of machinery 
which stands idle during a large pro- 
portion of shop hours, but even then the 
total sum saved is perhaps so small as to 
forbid the idea of spending more capital, 

The practice of stating these savings 
in percentage is very convenient, but it 
is often. very misleading. 

The saving in wages due to firemen, 
engine tenders, etc., is also urged in 
favour of electric driving. Any saving 
in this direction can only come where 
there would be a large concentration of 
power, and in that case the wages bill 
is a very small proportion of the total 
working cost. It must also be borne in 
mind that the introduction of electricity 
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means the introduction of a new and 
high paid class of labour. 

In the particular case under con- 
sideration, one man could quite easily 
attend to both boiler and engine. ‘The 
engine will run from meal hour to meal 
hour, practically without attention. 

As a side issue, the warming of the 
shops has to be considered. In the case 
of heating being necessary, it would 
mean the putting in of special heating 
furnaces, if a steam boiler were not 
within easy reach. These furnaces cost 
a good deal, and they require some 
attention, which, in winter at all events, 
would be a slight offset against the 
attention required by a steam boiler. 

It may be said that the power set 
aside for driving the shafting is very low, 
which it really is when compared with 
some figures which.appear in connec- 
tion with the efficiency of line shafting. 
These figures are frequently excessive, 
and in this case, at all events, the power 
is not very much under-estimated. 

No single result can be applied to all 
cases. Each case should be minutely 
investigated in the light of local con- 
ditions and special requirements. In 
no case should electric driving be 
adopted without first considering every 
item which affects the working cost. 
One is apt to be carried away by 
promised percentage savings in coal, 
but these, when minutely examined, may 
turn out to be much less than the interest 
and depreciation on the extra capital. 

In some cases, no doubt, extra cost 
of working may be more than balanced 
by extra out-put. This would not be 
so in the instance which has been con- 
sidered, and the day has not yet come 
for the adoption of electric power-driving 
on purely esthetic grounds. 
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(Continued fron page 99.) 


CENTRIFUGAL PUMPS (continued). 


N ordinary centrifugal pump, by 
Messrs. Gwynne and Company, 
of [.ondon, operated direct by a 
single-cylinder inverted vertical engine, 
is, wllustrated in Big. 68. Messrs. 
Gwynne’s first combined engine and 
centrifugal pump was exhibited at the 
International . Exhibition, 1862. The 
principal features of their combined 
engines and pumps are large wearing 
surfaces, a peculiar construction of 
piston— whereby a great reduction of 
friction is obtained—and small weight 
of reciprocating parts. 

One of Messrs. Gwynne’s centrifugal 
pumps coupled direct to one of their 
enclosed, silent, high-speed engines is 
illustrated in Fig..69. The engine is of 
the double-cylinder, single-acting type, 
which is now so much in fashion. 

A “ Helical” centrifugal pump, manu- 
factured by Messrs. John Cherry and 
Sons, Beverley, Yorkshire, is illustrated 
in sectional end view (Fig. 70), and 
reproduction froma photograph (Fig.71). 
It consists of an ordinary impeller with 
taper sides, furnished with a screw on 
each side—hence the name “ Helical.” 
These screws are right and left handed 
and made to fit in the screw chambers, 
the external diameters being equal to 
the central openings for the inlet of the 


* Messrs. Whittaker & Co. 
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water to the impeller; the spindle on 
which the impeller and screws are 
firmly keyed also carries the driving 
pulley ; this spindle works through two 
stuffing-boxes and glands, and an 
bearing, on the inside of the 
pulley. The casing. is pro- 
in the usual fashion, with a 

and delivery branch. By 
removing the top half of the casing, 
access is given to the impeller and 
screws. In this example the impeller 
is I7 in, diameter; the screws in the 
inlets are g in. diameter, having each 
three threads. by careful experiments 
it has been found that a pitch of 6 in. 
for the screws gives the best results in a 
6-in. pump. The screws act as a grip 
on the water and feeders to the impeller, 
and prevent any back slip of the water, 
hence a greater power of suction than 
the ordinary centrifugal pumps. To 
prove this power of suction it may be 
mentioned that the British Admiralty 
tested one of these pumps, and it picked 
the water up, after the pump had been 
stoppediiat.a distance of >3ouit. .6 in? 
much to the surprise of the Government 
inspector. As an example of the work 
which the ‘“ Helical” centrifugal pump 
will perform, one of the improved 6-in. 
pumps will discharge 2,000 gallons per 
minute to a height of 100 ft. 


ordinary 
driving 
vided, 


suction 
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An arrangement of a large centrifugal 
pump and engine manufactured by 
Messrs. Gwynne and Company is shown 
m bigi72. 

REMARKS ON CENTRIFUGAL PUMPS, 


Centrifugal pumps specially 
applicable for irrigation, the simplicity 
of their construction and consequent 
non-liability to get out of order being 
a special recommendation ; drainage of 
low-lying and marshy land; pumping 


are 


FIG. 68.—VIEW OF CENTRIFUGAL PUMP OPERATED DIRECT 
BY A SINGLE CYLINDER INVERTED 
ENGINE MADE BY MESSRS. GWYNNE & CO. 


sewage from a low to a high level; 
emptying docks, canals, reservoirs, etc. 

The original shapes of the vanes of 
the impeller were straight and radial, 
but it was soon found to be incorrect ; 
next they were made straight, but at 
an angle to the radial line. Now they 
are, by some makers, made straight two- 
thirds of their length, then curved 
towards the periphery in an opposite 
direction to the line of rotation, for low 
and moderate lifts, and curved with the 
line of rotation for high lifts. Other 
makers curve the vanes the whole of 
their length; some make the curve by 


VERTICAL 
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a simple radius, some make them by a 
curve struck by two radi; and, again, 
some prefer a regular curve all the way, 
of a peculiar construction. 

The vanes should be as thin as pos- 
sible, to avoid obstruction to the entering 
water, thereby preventing the stream 
from becoming broken and agitated in 
its passage through the impeller. 

The passages through the impeller 
should beso proportioned as to gradually 
increase the velocity of the water until 
it arrives at the circumference, when a 
gradually decreased velocity should take 
place, until it enters into the delivery- 
pipe. 

The casing is usually made in the 
shape of a helix, commencing at the 
top, and gradually increasing until it 
reaches the delivery-pipe. 

At the highest point of the casing a 
cock or valve should be provided for 
letting out the accumulated air, or a 
connection by means of a small hole or 
passage between that point and the 
delivery-pipes. 

The vertical height of suction should 
be made very slight; in fact, it is best 
to have the water running into the pump. 
The greatest depth from which an ordi- 
nary centrifugal pump can draw water, 
except when they are arranged in series, 
is 25 ft.; but in practice it should never 
exceed 20 ft.; except the pump with 
screws in the admission passages, which 
has raised water from a depth of 32 ft. 
with an efficiency of 45 per cent. 


ADVANTAGES AND DISADVANTAGES 
OF CENTRIFUGAL PUMPS. 

The advantages are :— 

The large body of water which they 
are capable of delivering, as compared 
with their size and prime cost. 

They can deliver sandy, gritty, and 
muddy water without injury to the 
machine. 

They are easily fixed, and require 
very small and inexpensive foundation. 


Pumps: Their Construction and Management, 


139 


FIG. 69.—VIEW SHOWING ONE OF MESSRS. GWYNNE'S CENTRIFUGAL PUMPS, COUPLED DIRECT 
TO ONE OF THEIR HIGH-SPEED ENGINES. 


Submerged centrifugal pumps require 
no foot-valve; where impure water is 
pumped, this is a great consideration. 

They do not require charging with 
water before starting. 

They are, however, difficult to clean 
and repair, having to be lifted out of the 
pump well if the water is not let away 
from it. 

Centrifugal pumps with horizontal 
spindle above the level of the water 
require little foundation work. 

They are very easily moved. 

They can be fitted on a trolley, 
and the suction-pipe furnished with 
auniversal joint, that it can be raised 
and lowered at will. 

The disadvantage is that they can- 
not raise water to any great height. 


PULSATING STEAM-FUMPS. 


These pumps, or, more correctly 
speaking, these pumping engines, are 


simply ingenious and compact arrange- 
ments of the old ‘‘ Savery’ atmospheric 
engine, or,as the inventor called it, the 
‘‘ Miners’ Friend.” 

‘‘The Miners’ Friend” is illustrated 
in Fig. 73, the blocks of which have 
been kindly lent to the writer by the 
Pulsometer Engineering Company, who 
describe it in one of their pamphlets 
in the following manner :—‘“‘One of 
the first steam-engines employed for 
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FIG. 70.—SECTIONAL END VIEW OF “HELICAL” CENTRI- 
FUGAL PUMP, MADE BY MESSRS. JOHN CHERRY 
& SONS, BEVERLEY. 
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pumping water is illustrated at the 
side. Passing over the apparatus for 
generating steam—shown in the back- 
sround—the construction of the engine 
will be seen to be not unlike that of the 
pulsometer steam pump. 

‘In Savery’s apparatus the action 
was as follows:—Steam from the boiler 
was admitted above the surface of the 
water, driving the same up the delivery- 


pipe. The steam-valve was then shut, 
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have many redeeming qualities, such as 
cheapness in first cost, simplicity in 
construction, and, if in the first instance 
correctly made, they are very positive 
and certain in their action, and not liable 
to get out of order. 

They are especially good as emergency 
pumps, as, for instance, in case of a 
pit or quarry getting suddenly flooded, 
or for emptying foundations, or any 
temporary works of such description, 


FIG. 7I1.—VIEW OF 6 INCH 


‘““HELICAL’’ CENTRIFUGAL PUMP, MADE BY MESSRS. JOHN 


CHERRY & SONS, BEVERLEY. 


and the suction-cock opened. At the 
same time a spray of water was allowed 
to flow over the chamber, causing the 
formation of the necessary vacuum. 
The water rushed into the chamber, 
and the suction-cock was then shut, and 
the steam-valve opened. A man, of 
course, had to be in constant attendance 
to operate the cocks.” 


The pulsating steam-pumps are not, 


by any means, efficient thermo-dynamic 
engines; on the contrary, they are very 
wasteful with steam. However, they 


when a large body of water is required 
to be raised in a short space of time. 

They are also frequently adopted for 
sinking pit shafts, and emptying wells 
when pumps are being fixed in them, as 
they are quickly and easily raised and 
lowered, also handy to fix. Of late years 
several have been applied for clearing 
dip-workings in mines from water. 

The height of suction should be as 
little as possible, but should never 
exceed 18 to 1g ft., although in some 
cases they have been known to draw 
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FIG. 72.—VIEW OF LARGE CENTRIFUGAL PUMPING SET, MADE BY MESSRS. GWYNNE & CO., LONDON. 
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FIG. 73.— VIEW OF THE ‘“‘SAVERY”’ ATMOSPHERIC ENGINE, 
‘““THE MINERS’ FRIEND.” 


water 25 ft., but not with any degree of 
certainty. 

Hot liquids up to 165 degrees Fahr. 
have been forced, where the pump has 
been level with the same. 

The pulsating steam-pump was, we 
believe, originally invented by Mr. G. V. 


FIG. 74.—SECTIONAL ELEVATION OF THE VALVE- 
CHEST OF PULSATING STEAM-PUMP, MADE 
BY THE PULSOMETER ENGINEERING CO.,LTD., 
LONDON, 
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Long, of the United States Navy, and 
was illustrated and described in the 
‘* American Journal of Science” in the 
year 1828; but that pump, like Savery’s 
‘Miners’ Friend,” was not self-acting. 

The next attempt in the way of 
pulsating steam-pumps was made by 
Mr. Burdon; this pump was self-acting 
or automatic. 


DOUBLE-ACTING PULSATING STEAM- 


PUMPS: 

The first really practical pulsating 
steam-pump was the one invented by 
Mr. Hall, which was introduced and is 
manufactured by the Pulsometer Engi- 
neering Company, Ltd., of London, who 
have given it the name ‘‘ Pulsometer.”’ 
This pump is illustrated ingehie eg, 
which is a sectional elevation of the 
valve-chest, and Fig. 75, end view of 
valve-chest. It consists of a single 
casting, called the body, which is com- 
posed of two chambers joined side by 
side, with tapering necks bent towards 
cach other, and surmounted by another 
steam-chamber A, common to the two, 
in which there is fitted a ball-valve B, 
shown in Fig. 74, so as to be capable of 
oscillation between seats formed in the 
junction. Downwards the chambers 
are connected with the suction-passage, 
wherein the inlet or suction valves are 
arranged. A discharge chamber, com- 
mon to the two working chambers, and 
leading to the discharge pipe, is also 
provided, and this also contains one or 
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FIG. 75.—END VIEW OF VALVE=-CHEST OF SAME. 
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two valves, according to the purpose to 
be fulfilled by the pump. The air-vessel 
communicates with the  suction-pipe. 
The suction and discharge chambers 
are closed by hinged covers accurately 
fitted to the outlets by planed joints, 
and readily removed when access to the 
valves is required. Small air-cocks are 
screwed into the cylinders and air-vessel. 

The pump, being filled with water, is 
ready for work. Steam is admitted 
through the steam-pipe C—by opening 
to a small extent the stop valve—passes 
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amount of violence, and being brought 
into intimate contact with the water 
in the pipes leading to the discharge 
chamber, instantaneous condensation 
takes place, and a vacuum is. in .con- 
sequence so rapidly formed in the just 
emptied chamber, that the steam ball 
is pulled over into the seat opposite 
to that which it had occupied during the 
emptying of the chamber, closing its 
upper orifice, and preventing the further 
admission of steam, allowing the vacuum 
to be completed ; water rushes in imme- 


BEG. 76.—VIEW OF THE ‘*PULSOMETER,” AS USED FOR PUMPING MUD OUT OF A LAKE 
FOR CLEANING PURPOSES. 


down that side of the steam neck which 
is left open by the position of the steam 
ball—which is the right-hand side in the 
illustration—and presses upon the small 
surface of water in the chamber which 
is exposed to it, depressing 1t without 
any agitation, and consequently with but 
very slight condensation, and driving it 
through the discharge opening and valve 
into the rising main. 
Unesmomenmetiarethe, level of the 
water reaches the level of the horizontal 
orifice which leads to the discharge, the 
steam blows through with a certain 


diately through the suction-pipe, lifting 
the inlet valves, and rapidly fills the 
chamber again. Matters are now 1a 
exactly the same state in the second 
chamber as they were in the first, and the 
same results ensue. The change is so 
rapid that, even without an air-vessel on 
the delivery, but little pause is visible 
in the flow of water, and the stream is, 
under favourable circumstances, very 
nearly continuous. The air-cocks are 
introduced to prevent the too rapid filling 
of the chambers on low lifts, and for 
other purposes, and a very little practice 
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directly over the suction- 
valves, the delivery-valve box 
and valves being placed on one 
side of the pump. The suction- 
pipe is also placed in a line 
with the centre of the con- 
densing chambers. A is the 
steam-valve chest, fitted with 
the vibrating flap-valve B, 
which has a very slight move- 
ment, and is therefore quick in 
its action. The valve being 
flat is easily surfaced, and-can 
stand any pressure of steam, 
which is an advantage not 
possessed by the ball steam 
valve. A great difficulty is 
usually experienced on the 
first starting of being able to 


’ 


ARRANGED FOR SUPPLYING} 
THE TENDERS OF LOCOMOTIVES WITH WATER FROM A RIVER. 


FIC, 77.—VIEW SHOWING ‘‘ PULSOMETER’ 


will enable any unskilled workman, or 
even boy, so to set them by small nuts, 
that the best effect may be produced. 
The steam ball, if once made true, wears 
itself and its seat true, as it turns in its 
bed at every strcke, so that no part of 
its surface falls twice in succession upon 
the seat. 

Fig. -76 shows-the ‘* Pulsometer,” as 
used on a private estate, pumping mud 
out of a lake for cleaning purposes ; and 
Fig. 77 arranged for supplying the 
tenders of locomotives with water from 
a river. 

The “Aqua Thruster” pulsating steam- 
pump, manufactured by Messrs. W. H. 
Bailey & Co., of Salford, Manchester, 
is illustrated in Fig. 78; sectional ele- 
vation of valve-chest Fig. 79; andsection 
of air-valve Fig. 80. It consists of two bee Pah it WE Aes jee 

5 : : PiG,, 78.—-THE AQUA THRUSTER PULSATING STEAM 
condensing chambers, which are placed PUMP, MADE BY MESSRS. W. H. BAILEY & CO., SALFORD. 
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FIG. 79.—SECTIONAL ELEVATION OF VALVE-CHEST OF 


““AQUA THRUSTER” PULSATING STEAM-PUMP. 


adjust and maintain the operation of the 
air-valve. This difficulty has been over- 
come by the design of air-valve shown 
in Fig.80. The inlet of air can beadjusted 
to varying requirements by the small 
valve C, which is opened by the small 
wheel D, which latter is prevented from 
turning of its own accord by means of 
the catch or tumbling lever E, which 
drops into slots provided in the circum- 
ference of the hand-wheel D. F is a 
small ball-valve, preventing the steam 
and air from returning from the con- 
densing chambers. 

The latest improvement in pulsating 
steam-pumps has been patented by Mr. 
John B. Foxwell, and is now success- 
fully worked by the Waterspout En- 
gineering Co., Manchester. This is 
illustrated by the reproduction from a 
photograph (Fig. 81), and enlarged sec- 
tional elevation of valve and valve-chest 
(Fig. 82), and enlarged end viewof valve- 
enest)(Pie,/63). Uhe valve A is self- 
adjusting to its seat. Jt is of annular 
shape, with two faces parallel to each 
other. It is loosely supported on an 
oscillating saddle B, which fits into 
the groove C, formed between the two 
faces of the valve, and is embraced by 
the projecting arms, D and DJ, to pre- 
vent it rolling or moving away, and 
missing its faces. By this arrange- 
ment a double or duplex movement of 
the valve is obtained, thus enabling it 
to oscillate between the two valve 
seatings, so as to close the whole area 
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FIG. 80.—SECTION OF AIR-VALVE 
OF SAME. 


of the steam-port at the same time, or 
immediately adjust itself to the seating ; 


FIG, 8I1.—PULSATING STEAM-PUMP, BY THE WATERSPOUT 
ENGINEERING CO., MANCHESTER 


FIG. 82.—SECTIONAL ELEVATION OF VALVE 


AND VALVE-CHEST OF ‘‘ WATERSPOUT ” 
PULSATING STEAM-=PUMP. 


also a more regular and even wear over 
the surface of the valve facings, and the 
adjustment or alteration of the position 
thereof to compensate for wear. The 
other part is almost identical with that 
of the ‘“Pulsometer,’”’ so that it would 
only be a waste of space to give a 
description of it. 

The “ Grel” arrangement for econo- 
mising the steam consumption is the 
outcome of a great many experiments 
made by the Pulsometer Engineering 
Company, with the view of increasing the 
economy of the original ‘‘ Pulsometer,” 
and at the same time retaining the sim- 
plicity of the old pump. 

The ‘“Grel” valve-box and valves 
are illustrated in sectional elevation 
(Fig. 84), in which the main steam-valve 
and the cut-off valve are closed. In- 
stead of the steam being allowed to 
follow the water the entire length of 
the stroke, it is now cut off about one 
half the length of the stroke, and the 
remainder of the work performed by 
the expansion of the steam. 

Asin the ordinary ‘“‘ Pulsometer,”’ there 
are two working chambers; the air- 
vessel, suction-branch, suction-valve— 
which is accessibie through covers—de- 
livery-valves, and delivery-branch. It 
will be seen, in the illustration, that in 
place of the ordinary upper valve there 


is a special ball-valve A. This valve 


FIG. 83.—END VIEW OF 
VALVE CHEST OF 
SAME, 
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FIG. 84.—SECTIONAL ELEVA- 
TION OF ‘‘GREL” VALVE 
BOX AND VALVES. 

is the distributing valve, and _ corre- 

sponds to the main slide-valve used in 

engines having a cut-off gear. Above 
the valve A, but between it and the 
steam-pipe B, there is fitted a cut- 
off valve C, corresponding to the cut- 
off valve used 1n the ordinary expansion 
gear. This valve has its lower portion 
formed into a piston, which works on the 
cylinder D, the piston and valve being 
actuated by the difference of pressure 

within and without. The cylinder D 

is in connection with the steam-pipe Bb, 

and also with the space between the 
main and cut-off valves by means of 

suitable small holes, E and E. 

The action of these valves is as fol- 
lows:— Steam being turned on, the 
steam pressure will open the valve C, 
and flow through past the distributing 
valve A into one of the chambers. It 
enters the chamber at AJ, partly driving 
out the water. When about half the 
water has been discharged, there will 
be, owing to the accumulation of live 
steam in the case D, a difference of 
pressure within and without the valve 
C, sufficient to close the valve and keep 
it there until the distributing valve has 
moved over to the other valve-seat, thus 
allowing the remainder of the stroke to 
be finished by expansion of the remain- 
ing steam in the chamber. 


(To be continued.) 


IGS PEED ST OOLHEDMGEARING,” 


By JAMES CHRISTIE, 


OR the transmission of power it 
frequentiy becomes necessary to 
use toothed gearing, subjected to 

high peripheral speed, conjointly with 
high pressure per unit of tooth contact, 
and the object of these remarks is to 
record what has been successfully done 
in recent years, as much higher speeds 
are now successfully attained than 
formerly. Considered in a static sense, 
the gear tooth satisfies the condition of 
stress if it is proportioned to endure 
forces acting transversely on it, and the 
pressure per unit of contact is not of 
such intensity as permanently to deform 
the curved bearing surface of the teeth. 
When in motion, the curved surfaces 
slide upon each other as they enter and 
leave contact, and when this sliding 
action 1s accompanied with high pressure, 
the limit of endurance is soon reached, 
and in the case of inferior materials, this 
occurs at comparatively low speeds and 
pressures. In addition to this, more or 
less impact usually occurs, especially 
when the resistance is of a fluctuating 
character, or the loads are suddenly 
applied. The effects of this hammering 
action are discernible by a flattening of 
the curved faces of the teeth, after which 
tues propersengagement of the teeth 
ceases and the gear is speedily de- 
stroyed. 

To prevent this:it is desirable to cut 
the teeth so accurately that no side 
clearance or>*“back lash” exists, and 
this is now usually done on first-class 


*A paper read before the Engineers’ Club of Phila- 
delphia. 


gearing of even the largest dimensions. 
Owing to the low elastic limit of cast- 
iron and the bronzes, we cannot expect 
these metals to endure so high a pres- 
sure as Steel, and steel appears to be the 
most trustworthy material to endure 
the highest pressures and speeds. ‘This 
assertion, however, does not apply to 
all grades of steel. Soft steel surfaces 
abrade or cut very readily, despite all 
methods of lubrication, and surfaces of 
this material should never be allowed to 
engage in sliding contact. Gearing of 
soft steel is usually destroyed by abra- 
sion at quite moderate speeds. Kolling- 
mill pinions of steel, containing 0°3 per 
cent. carbon, have been destroyed ina 
few months, whereas the same pattern 
in steel of 0°6 per cent. carbon has done 
similar work for several years without 
distress. Of course, it is necessary to 
shape the teeth to a proper curve to 
insure proper engagement and uniform 
angular velocity. 

Some years ago there was required 
suitable gearing to connect the engines 
to a rolling-mill in this vicinity. The 
diameters of the wheels were 37°6 in. and 
56°4in.respectively. They were intended 
to revolve at speeds of 150 and 100 
r.p.m. and expected to transmit about 
2,500 h.-p. The character of the ser- 
vice was such that renewal was a 
serious matter and long endurance very 
desirable. A high grade of steel was 
selected, especially in the pinion, in 
which the greatest wear would occur, 
and which, owing to the location, was 
thew mosteciiuculiegtO mreplace. @ lhe 


147 


148 


pinion was forged from fluid compressed 
steel of the following composition :— 


GarpOngse. & eae oe aon. 0°86 per cent. 
Maneanece.. 8h acs ensues O'51 e 
SiiCOn: Wk toe Sater ne O27 y" a, 
Phosphorusand sulphur, both 

below a7. secme 0°03 0 ea; 


The spur wheel was an annealed steel 


casting :— 


Carbon 0°47 per cent. 
Manganese... soit 0°66 
Phosphorusandsulphur,both 0°05 » 


/ 
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has been in constant operation for 
several years, and behaves satisfactorily. 

The highest recorded speed for gear- 
ing that I can recall is that described by 
Mr. Geyelin in the Club “‘ Proceedings ”” 
of June,1894. The mortise bevels had 
a peripheral velocity of 3,900 feet per 
minute, but the pressure per inch of face 
was only about 680 lbs., the diameter 
and speed being made high to reduce 
the pressure on the teeth. I understand 
that the lifetime of these bevels is not 
long. If made of a grade of steel, as 
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The tooth dimensions were: Pitch, 
4Q2 anes tace..24 1 

These were accurately cut with invo- 
lute curves generated by a rolling tan- 
gent of 16 degrees obliquity. No side 
clearance was allowed. After starting 
the mill, it was found that a higher 
speed was practicable than was origin- 
ally contemplated. Higher pressures 
on the teeth were also applhed, so that 
ultimately about 3,300 h.-p. was trans- 
mitted through the gearing, correspond- 
ing to a pressure of nearly 2,100 pounds 
per inch of face. The speed . was 
variable, but occasionally attained a 
velocity of 260 r.p.m. for the pinion, 
corresponding to a peripheral velocity 
of 2,500 feet per minute. This gearing 


previously described, their diameter and 
speed could be considerably reduced, and 
prolonged endurance would be realized. 
About the same time No. I was 
installed a similar application was made 
to another mill, the gear having a dif- 
ferent speed ratio, and the angular 
velocity being lower (see Fig. 2): 


Pinion, Wheel. 
CarDomuc as o'go per cent. 0°60 per cent. 
Manganese ..0°64 PF 0°64 


A much larger set had been pre- 
viously employed, transmitting about 
2,400 h.-p. at 750 ft. per minute peri- 
pheral speed, involving a pressure per 
inch of face of 3,500 pounds. This. 
latter pair were 4 ft. and 8 ft. respec- 
tively, 74 in. pitch, 30 in. face, cut with 
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involute teeth of 14 degrees obliquity. 
Poceslo a3.) 


Pinion. Wheel. 
City vei tb ie) ae ee ar 0°52 0°42 
VDAC APOSE gen si, Stl with abe Qoeibndt 0°55 0°73 
CoN Te' sith Guede CORP Rear: eee reo OnO7 ey 0270 
DOS DMOTUS Ween is Shas s cities & 0'022. 0'078 
SS) [SLUT Pas ates etal, © sag a whe 0°02 0°05 
excel- 


These gears have all rendered 
lent service, and to-day are apparently 
as good as at the beginning. 

As considerable expense is involved 
in cutting large gears of hard steel, it is 
sometimes practicable to rough-cut the 


gear after it is made as soft as possible 
by slow cooling, a higher degree of 
hardening being imparted before final 
finishing by air hardening or rapid cool- 
ing from the refining heat. This is not 
infrequently done in the case of screws 
and gears of moderate dimensions. In 
this event it is desirable to have-the 
ratio of manganese low, say not over 
O75 per cent-.01 0° per cent.; asa high 
manganese content seems to impart a 
permanent hardness that is not readily 


reduced by slow cooling. 
The subject of standard forms of teeth 
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has recently become a matter of con- 
siderable interest, especially since the 
introduction of the electric motor, which 
has created a demand for accurate speed 
gear. Cycloidal curves so extensively 
used in the past seem to be less used in 
recent years than involute, for well- 
known reasons. The essential con- 
ditions required are that the osculating 
curves of the teeth must be normal to 
the point of tangency of the wheels 
throughout the arc of tooth engage- 
ment, Accepting the involute curve 
as a standard, it is desirable to adopt 
a uniform angle of obliquity for the 
generating tangent. The adoption of 
an angle of 15 degrees by a prominent 
manufacturer of cut gearing and cutters 
has led to an extended acceptance of 
this standard. It is claimed that this 
is not advisable, but Mr. Hawkins, 
who was one of the early investigators 
of the merits of the involute form of 
tooth in the middle of the century, 
recommended an obliquity of 20 degrees, 
and asserted that no practical incon- 
venience would be found from the 
resultant lateral thrust on the shaft 
journals. 

When all other conditions are satis- 
factory, the flatter the curve of the 
tooth, the better, inasmuch as with a 
curve of long radius a higher pressure 
can be sustained than otherwise. With 
the ordinary straight tooth gear it is 
necessary to make the tooth of sufficient 
length, so that normal action never 
ceases between successive teeth. The 
wearing abrasion occurs when the teeth 
are entering and leaving normal con- 
tact. For this reason, for very high 
speeds some form of the stepped or 
spiral tooth would appear to be favour- 
able, using a short tooth and a minute 
arc of engagement on the line of centres 
for each section of the tooth. 
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It appears to be practicable to main- 
tain sliding surfaces of steel if one of 
the surfaces is hard, even if the other 
is comparatively soft; but for steel 
gearing for ordinary purposes I would 
suggest the use of steel not less than 
o'4 carbon. Ifthe speeds and pressures 
are unusually high, a much harder grade 
of steel becomes necessary. When a 
small pinion engages with a large wheel, 
the former alone can be made of high- 
grade steel approaching to a carbon 
content of 1 per cent. When extreme 
speeds and pressures become necessary, 
the best results will be found by using 
in both wheels steel having a carbon 
content approaching I per cent., or 
an equal hardness, obtained by lower 
carbon and high manganese or other 
desirable hardening addition. With 
gearing accurately cut from steel of 
this character, and securely mounted, 
it is believed that reasonable endurance 
will be obtained when the product of 
speed and pressure, divided by pitch, 
each within certain limits, does not 
exceed 1,000,000: for example, a speed 
of 3,000 ft. per minute and 1,600 lbs. 
pressure per inch of face, or vice versa ; 
for gear of 5 in. pitch, assuming, so far 
as we know, a maximum speed of 
5,000 ft. per minute for gear of any 
pitch, and permissible pressure to be 
proportional to the pitch. 

This statement that speeds and pres- 
sures are reciprocal, or as one is 
increased the other must be reduced, 
ina fixed ratio, may not strictly be a 
rational one, but in a broad and general 
sense it 1s correct within the usual limits 
of practice. 

It will be understood that such a 
generalization as herein stated would 
apply to pinions having a liberal and 
not the minimum number of teeth. 


Pie SP Or COAL DUST FOR STEAM_RAISING 
PURPOSES. | 


ITTLE attention seems to have 
been paid in this country to 
the use of coal-dust for steam- 

raising purposes. In Switzerland and 
America experiments have been syste- 
matically prosecuted for some consider- 
able time, and though it is difficult to 
ascertain what definite results have 
been produced, still it is known that 
very satisfactory progress has_ been 
made. If an apparatus could be devised 
and conditions evolved for economically 
burning pulverized coal, a big future 
would undoubtedly be open to this kind 
of fuel. Even at the present time with 
dust-burning processes, there is an 
absence of smoke, and also, compara- 
tively speaking, of cinder and ash resi- 
dues. Another distinct advantage is 
that not only can a lower grade of coal 
be utilised, but mine screenings can also 
be made use of. Furthermore, it has 
already been seen in experiments that 
the feed of furnaces with dust can be 
more automatically regulated, thus dis- 
pensing more completely with the 
unsatisfactory personal equation. It 
is considered that advantages such as 


these more than repay the cost of 
pulverizing. 
Before successful results can be 


obtained, the coal must be reduced to 
a uniformly fine powder, and _ boilers 
must, of course, be specially adapted 
for dust burning. When dust is being 
fed, the fire-box shows simply a big 
column of flame similar to that pro- 
duced by oil feeding. In some experi- 
ments the grates have been bricked 


over, and form simply a hearth ; and the 
endeavour is to get as long a flame way 
as possible. The methods adopted to 
feed dust into the furnace automatically 
and to the best advantage are varied, 
but the majority assimilate the form 
used in feeding oi] into a furnace, some 
inventors using compressed air, and 
others revolving wire brushes and 
such arrangements for distributing the 
fuel. 

In 1896 experiments were made at 
the Berne Small Arms Factory, under 
the superintendence of the Swiss Society 
of Boiler Owners. The boiler used was 
of the Sulzer-Cornish form, and the 
‘‘ Mehl” grate and Wegener system of 
firing were both tried. The results. 
appeared in the 1896 report of the 
Society, and showed that the dust 
could be burnt smokelessly with a 
thermal efficiency of 20°93 per cent... 
and a saving in cost of steam of 15°5, 
per cent. Subsequently, at the Gela- 
fingen ironworks, a Lancashire type of 
boiler was fitted up for coal-dust burn- 
ing, and since the spring of 1897 Messrs. 
Sulzer have given the subject great 
attention. In Basle the’ Warteck 
Brewery took up the subject, and used 
the Wegener apparatus, and compara- 
tive tests were made with this and the 
‘‘Cario’’ system of firing, and proved 
favourable to the former. 

The Illinois Central Railway Company 
of America have for some time past 
been experimenting with apparatus for 
burning bituminous coal in a pulverized 
state. The apparatus used is shown 
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in our illustration,* and is placed on 
a 125 h.-p. water-tube boiler. It 1s 
mounted on a framework, which is hung 
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REVOLVING WIRE BRUSH COAL-DUST FEEDING 
APPARATUS. 


to hinges on the square opening of the 
furnace front, just as is the ordinary 
swinging fire-door which it replaces. 
The apparatus can thus be swung open, 
out oi the way, if desired. 
small line shaft 


An overhead 
is run from a small 
upright engine, and a belt from a pulley 
on this line shaft connects with a pulley 
on the end of the cylindrical wire brush 
seen in the illustration. The brush is 
about 18 in. long by 6 in. in diameter, 
and is revolved at a speed of about 
800 revolutions a minute. Above the 
brush is a hopper, which is kept filled 
with ordinary Illinois bituminous coal 
pulverized to a flour-like consistency. 
The mouth of the hopper is closed with 
a sheet of metal immediately above the 
brush. This sheet can be sprung to or 
from the mouth by means of the set 


* From The Railway and Engineering Review. 
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screw, thereby regulating the flow of 
the dust down on to the brush. The 
front or longitudinal side of the hopper 
is formed of a steel plate strengthened 
by a straight spring. At the lower 
edge of this slide is a projection, which 
is struck at each revolution of the brush 
by an excentric, which takes the place 
of the striker shown. ‘The sheet side of 
the hopper is thus kept agitated to cause 
the dust to drop freely through the 
mouth slit on to the brush. 

As the fuel drops on the brush it is 
carried down and swept on into the 
fire-box in a sheet-lke stream in the 
manner indicated by the broken lines. 
By the time this sheét of jdustesnas 
proceeded a foot into the furnace the 
particles become ignited, and each 
particle being so small that the air has 
ready access to it, bursts into a flame 
which is drawn along by a very moderate 
draft. 

Another apparatus has been intro- 
duced by H. Buderus Hirzenhain, which 
distributes pulverulent fuel by means 
of compressed air. The object of this 
arrangement is to secure an intimate 
mixture of fuel and air before the fuel 
is forced by the air issuing from the 


APPARATUS FOR DISTRIBUTING COAL-DUST BY 
COMPRESSED AIR. 


compressed air-pipe or nozzle into the 
combustion chamber, and prior to the 
admission of a further supply of air. 
This apparatus will be more readily 
understood by reference to the illustra- 


tion, by which it will be seen that the 
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fuel, in a finely divided condition, is 
driven downwards from the hopper k 
by a wheel g provided with vanes. At 
the back of the hopper & is a channel 2, 
which communicates with the atmo- 
sphere, and the lower end of which opens 
into the air blast chamber tangentially 
to the wheel g. Compressed air is 
supplied through the pipe a and nozzle 
b, and, by its injector action, draws air 
down the channel 7, and causes it to mix 
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very thoroughly with the fuel. The 
mixed air and fuel then get a further 
supply of air from the nozzle b, and the 
whole is forced along the pipe / into the 
combustion chamber of the furnace. 
Hot air may be drawn up the pipe f to 
join the mixture. 

We shall be glad to hear from any of 
our readers who have had any practical 
experience with the burning of coal-dust 
for steam-raising purposes. 
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DYNAMO ILLS AND REMEDIES.* 
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DYNAMO or motor, carefully 

installed and properly running, 

is truly a thing of beauty to 
those who have the care of it, anda 
source of satisfaction to its owner. 
Trouble, however, in one form or another 
is sure to come sooner or later, depend- 
ing on the grade of the machine and the 
skill and care in handling. 

It is therefore likely that a few hints, 
as to the cause and remedy of such 
troubles, will be acceptable to those 
who have the care of this class of 
machinery. 

Obviously, the promptness with which 
such troubles are located and removed 
will have much to do with the success 
of the plant. Often, indeed, consider- 
able expense is incurred in removing a 
fault, which with a little intelligence 
could have been remedied at trifling 
cost. 

For instance, so slight a thing as a 
loose connection will often cause the 
shutting down of a whole factory with 
scores of hands. Other troubles equally 
as simple, but not so easily located, will 
cause annoyance and delay. In such 
cases, some knowledge on the part of 
the man in charge in locating troubles 
would have enabled him to overcome 
the difficulty, and save delays and con- 
sequent loss. 

Fortunate it is that the machines in 
question are mechanically so simple in 
their construction. With the exception 
of commutator and brushes, there are 
but two wearing parts: the two bearings 
which support the shaft of the armature. 


* Reproduced from the National Engineer. 


Quite in contrast in its simplicity to the 
steam engine, with its multiplicity of 
wearing parts, oil cups, and valves. 

From the fact that the dynamo or 
motor has so few parts, we are able to 
classify their troubles through their 
effects, under five heads, which are :— 

1. Sparking at commutator. 

2. Heating of the various parts. 

3. Noise and speed. 

4. Motor stops or fails to start. 

5- Dynamo fails to generate. 

Any and all of these effects are quite 
obvious, even to a casual observer ; still 
a most careful and thorough examination 
should be made of the entire machine, in 
order to be sure of facts, and to avoid 
jumping at conclusions. 

In the consideration of troubles as 
classified above the following order will 
be observed: ist, the cause; 2nd, the 
symptom in detail; 3rd, the remedy, 
and how effected. 

As is very often the case, a symptom 
may be developed in a machine from 
several causes, or a cause may result in 
several symptoms. We shall, however, 
endeavour to make the distinction as 
clear as is possible without the help of 
the actual machine for illustration. 

Sparking at the commutator is caused, 
first, by the armature carrying too much 
current, due usually to an overload; in 
the case of the dynamo, too many 
lamps in circuit; or in the case with 
the motor, excessive frictional load, 
from hot bearings, armature striking 
the pole pieces, belt too tight, or, in 
general, too much mechanical work to 
be done. Excessive voltage on constant 
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potential circuits will also overload the 
system. 

The symptoms area continuous spark- 
ing at the commutator during the times 
of maximum load, and tendency to 
slipping of the belt. 

After a continuous run, the armature 
becomes very much overheated, and will 
burn out if the load is not lightened. 

In this, however, there is an excep- 
tion, constant current arc motors. As 


FIG. I.—THE DIAMETER OF COMMUTATION. 


the heating effect depends on the square 
of the current multiplied by the resist- 
ance (C,k), both of which factors are 
constant in this instance, it is quite 
possible to overload machines of this 
type till the armature stops without 
risk of burning it out. 

Excessive friction load is readily 
detected by turning the armature around 
by hand. 

Hot bearings will be treated more in 
detail under the head of heating of the 
various parts. 

An excess in current is, of course, at 
once evident at the ammeter, and this 
may be taken asa conclusive test for 
all such overloads. 

The remedy for troubles of this 
nature is obviously to reduce the load, 
and eliminate partial short circuits in 
the line and leaks as far as possible. 

Constant potential motors, especially 
those abowe five horse-power, are fre- 
quently subjected to overloads and strain 
at starting. 

If the starting box has too little re- 
sistance, or is turned on too rapidly, it 
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will cause the armature to start witha 
jerk, and spark badly at first. A properly 
designed starting box will remedy the 
evil in the first instance ; and in the latter 
case, thé exercisé of proper ‘Care in 
starting. The handle of the starter 
should be allowed to remain an instant 
on the first and second contact points till 
the armature has attained some speed. 

Again, brushes are sometimes not set 
at neutral points. The symptom of this 
trouble will be a sparking and cutting at 
the commutator, the intensity of which 
will vary with the shifting of the brushes. 

The remedy can best be explained by 
referring to Fig. 1, which shows the 
proper position of the brushes. The 
points where the brushes are resting on 
the commutator where the greatest 
EK. M. F. and the least sparking are 
obtained, are called the neutral points, 
as represented in the cut by the points 
‘coun eee ALIth ge ats ck 

The line joining these two points has 
been termed the diameter of commuta- 
tion. It will be noted that this line is 


FIG. 2.—CIRCUITS OF CROSS-CONNECTED ARMATURE, 
FOUR POLES, TWO BRUSHES. 


not at right angles to the line joining 
the centres of the pole pieces, but is 
shifted through a small angle, depend- 
ing on the direction of rotation and 
whether the machine is acting as a 
dynamo or motor. 
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With the dynamo, the brushes will 
be given a forward lead, that is, they 
will be shifted from the horizontal in 
the direction of rotation. 

With the motor, the shifting of the 
brushes will be against the direction of 
rotation, and will be given what is 
termed a backward lead. 

In most dynamos and motors the 
exact position of the neutral points 
cannot be fixed, but will vary according 
to the load of the machine. For in- 
stance, in the case of adynamo witha 
given number of lights burning, the 
brushes may be properly set at the 
neutral points and running without 
sparking. Now let the number of lights 
burning be increased or diminished to any 
considerable extent and sparking, more 
or less destructive, will commence and 
continue till the brushes have been 
shifted to the new neutral points by 
means of the rocker arm. ‘These points 
are determined only by trial. 

This shifting of brushes, or giving 
them a lead, as it is cailed, is necessitated 
by armature reaction or the magnetizing 
effect of the current in the armature, 
teading to createa powerful magnetism, 
which distorts the field. 

Right here we will state that there 
are some dynamos and many motors in 
which it is not necessary to shift the 
brushes, no matter how much the load 
changes. In these the field has been 
made strong enough to overpower the 
armature reaction. Again, in another 
class of dynamo, the moving of the 
points of contact is taken advantage of 
as a method of increasing or decreasing 
the E. M..F, This isthe caseor con- 
stant current arc machines. 

It is not only necessary to shift the 
brushes to the neutral points by means 
of the rocker arm, but care should be 
taken to see that the brushes are 
diagonally opposite each other. This 
can be accomplished by counting the 
number of segments of the commutator, 
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measuring with a piece of thread or 
other device, marking the opposite 
segments, and setting the brushes to this 
mark. 

The setting of brushes is perhaps the 
most important duty of the dynamo 
tender, for a brush, a fraction of a 
segment out of position, will often cause 
serious sparking. 

Exceptions to the rule for setting 
brushes diametrically opposite will 
appear in the case of multi-polar motors 
with cross connected armatures. 

These machines may be supplied 
with two sets of brushes, or as many 
sets as there are poles. For instance, 
four pole machines with two sets of 
brushes require them to be set at go° 
apart; six pole at 60° or 180°, and so on. 

Fig. 2 shows the armature connection 
and the position of the brushes in a four 
pole machine with cross’ connected 
armature. The arrows mark the 
direction of the current in the armature 
connection. It is apparent, therefore, 
that no one should attempt to set the 
brushes on such a machine without first 
determining from a blue print or other 
source their correct position, and then 
keeping them there. 

Should the brushes be set very far 
out, they will probably cause the safety 
fuse to blow; and in the case of a dynamo 
it will fail to generate. 

The commutator may have high bars 
or low bars, due to loose shell or an un- 
usually hard specimen of copper. 

A poor connection between the leads 
and the tongue of the commutator 
segment will also develop a flat, hard 
mica between the segments, which does 
not wear down as fast as the copper: all 
of these produce a rough commutator. 

The symptom in this case will bea 
chattering of the brushes, accompanied 
by sparking, which is sometimes ap- 
parent by the sound. By touching the 
commutator with the top of the finger, 
the least roughness is at once apparent. 
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Turn the armature slowly by hand, 
when any eccentricity will be indicated 
by a rise and fall of the brushes. 

The commutator as it should be is 
represented in Fig. 3, with brushes 
properly set and the surface of the 
commutator smooth and glossy. 

Accompanying is a sketch of the 
same commutator in bad condition, 
the commutator being scarred and 
rigid, and the brushes badly set. 

In cases where the commutator ex- 
hibits eccentricity or is deeply cut, the 
armature should be taken out, accurately 
centred in a lathe, and the commutator 
turned off, taking off as light a chip as 
possible. 

In large armatures it is often more 
convenient to rig up a special slide rest 
and turn off the commutator, while the 
armature is turned at slow speed in its 
own bearings. 

A loose bearing will also cause 
chattering of the brushes, with the 
attendant sparking and cutting of the 
commutator. If the bearings are loose 


FIG. 3.—COMMUTATOR IN GOOD CONDITION. 


and worn they should be re-babbitted, or 
new ones put in. 

A slide rest which clamps on to the 
pillow block in place of the rocker arm 
is shown in Fig. 6. 

A slightly rough commutator can be 
dressed down with a fine file and given 
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a final application of fine sand paper, 
the armature being turned at medium 
speed. 

If the machine in question is a 
dynamo it is advisable to raise the 


FIG. 4.—COMMUTATOR IN BAD CONDITION, 


brushes, start the engine at medium 
speed, and apply the file or sand paper, 
Of eDothee das the ecase, nay be; * this 
avoiding clogging the brushes with dirt 
and copper dust. 

With a motor it is different, as we 
must rely on the current to turn: the 
armature. It is, therefore, an exceedingly 
dangerous practice to use a file, although 
sand paper may be applied without 
danger. It isa good plan to put a little 
oil on the sand paper, for in this way 
the particles of copper are gathered and 
prevented from flying into the armature, 
thus increasing the danger of short 
circuits or burn outs. 

It may be stated as an axiom that 
copper dust and metal filings in general 
should not be allowed to collect about 
a dynamo or motor. For this reason 
emery cloth should never be used on 
the commutator, as the particles of emery 
are so sharp they become lodged in the 
copper of the segments, thus converting 
the commutator into a veritable grinding 
tool. Again, the particles get into the 
mica, and cause short circuits. 

Brush-holder screws sometimes be- 
come loose, and the brushes get tipped 
up, so they touch only at one point. 
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Very often vaseline or oil has been 
applied too freely, and the commutator 
has become dirty. The springs which 
give tension to the brushes may have 
lost their temper from carrying the 
current, though this is an indication of 
a faulty design of brush-holder. The 
bearing part may have been clogged 
for some reason, so that the holder does 
not work freely—though the spring may 
still be good. Hard carbons that will 
not adjust themselves in wearing to the 
commutator, and which sometimes offer 
exceedingly high resistance, also induce 
sparking at the commutator. 

Copper brushes can best be filed for 
adjustment to the commutator in a jig 
made for the purpose. 

The simplest way to adjust carbon 
brushes is to first wrap a piece of sand 
paper around the commutator, having 
the rough side of the paper turned out ; 
then set the carbon brushes down tightly 
against this surface, revolving the arma- 
ture by hand, while the brushes will be 
rapidly and accurately shaped to the 
surface. 

The best way to keep a commutator 
clean is to wipe it at intervals with a 
piece of cotton cloth or felt slightly 
moistened in vaseline. 

A motor with short circuited coils or 
bad grounds will draw excessive current, 
even though running free of load. A 
dynamo will require considerable power, 
though there is no evidence of power in 
external circuit. In either case violent 
sparking will result. 

The symptoms most apparent will be 
a heating of the coil or coils affected, 
and the attendant will become warned 
of the danger by the odour of the burnt 
cotton insulation. 

A short circuited armature coil often 
results from allowing copper dust to 
collect back of the commutator, or when 
excessive sparking of the brushes has 
formed little bridges of metal across 
adjacent commutator segments. 
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Short circuits in parts of the coils of 
an armature frequently occur from 
injuries to the insulation, from external 
mechanical sources—for instance, the 
dropping of little particles of material 
in the spaces between the armature and 
pole pieces while the armature is in 
motion. <A screw, for instance, or even 
little balls of waste, and more frequently 
oil and dirt, cake on the faces of the pole 
pieces, scraping the insulation off the 
wire. 

A piece of iron, a screwdriver or key, 
for instance, held between the field 
magnet, near the revolving armature, 
will vibrate very perceptibly as a short 
circuited coil passes. 

In the case of a motor, an armature 
affected with a short circuited coil will 
revolve slower than usual and unsteadily, 
while in aggravated cases it will draw 
up with a jerk before the pole piece. 

Ills such as those described as short 
circuits due to deposits of copper dust 
back of the commutator or the bridging 
over of segments from sparking, may 
be located by careful inspection, and 
removed by scraping clean the mica 
insulation between the segments. 

Short circuits, due to mechanical 
injury to the insulation of the wire of 
the armature, require careful handling, 
as these injuries generally extend before 
the first layer of wire. 

In most cases it is possible to care- 
fully lift the wires, one at a time, high 
enough to wrap it with silk tape. 

Wires thus raised and insulated must 
be carefully pounded back into place 
with a wood block or mallet, the affected 
part being then treated with a coating 
of good shellac. 

A short circuit which is in the coil 
itself and below the surface cannot be 
treated thus, and the only real remedy 
is to rewind the coil. 

Two or move grounds in an armature, 
occurring usually from insufficient insu- 
lation on the core, are equivalent to a 
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short circuit, and must be treated in 
the same way, viz.: by reinsulating and 
rewinding the armature. 

The commutator will flash violently 
when the broken coil passes under the 
brush, and it will be found that the mica 
surrounding the segments attached to 
the broken coil will be blackened and 
burnt and gradually pecked away. 

This break will often be found in the 
leads where the armature wires con- 
nect with the commutator, as in some 
types of machine they are subject to 
heavy drag. Usually they can be easily 
repaired by splicing. 

An overload may cause the soldered 
connection of the leads to the commu- 
tator to melt, and thus develop a break. 
The only available remedy is to solder 
in the leads again, and guard against 
overload in the future. 

Care must be exercised in the soldering 
process, lest drops of molten solder drop 
in behind the commutator, and short 
circuit some of the segments. 

When the trouble cannot be so easily 
located, and is evidently in the interior 
of the coil, the coil thus affected will 
have to be rewound. 

The trouble, however, may be tempo- 
rarily remedied by cutting out the coil, 


FIG. 5.—A LOW BAR, ' 


cither by bridging over the disconnected 
segment with a drop of solder or by 
staggering the brushes, as it is called; 
that is, setting one of a pair a little 
ahead and the other a little back of their 
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normal positions, which is equivalent to 
bridging over the break. 

In adopting this method, care must be 
taken not to short circuit a sound coil, as 
this will cause sparking, and a dangerous 
heating of the affected coil. 

These devices are at best only ‘‘ make- 
shifts,” and should only be adopted to 
prevent a very undesirable stoppage. 


FIG. 6.—A TOOL CLAMPING ON PILLOW-BLOCK, USED 
TO TURN OFF COMMUTATORS. 


Field troubles cause sparking at the 
brushes, and are of two kinds, open 
circuits and short circuits. 

A dynamo thus afflicted does not 
generate at all, or does not come up to 
its full electromotive force. The pole 
pieces are not strongly magnetic. 

A constant potential motor has a 
tendency to race unless the field is 
very weak or is lacking altogether, in 
which case it may either run slow, or 
stop and blow the fuse. 

The cause for such trouble is usually a 
broken circuit or a partial short circuit 
in one or both of the fields. 

In order to test for an open circuit in 
the field of a motor, block the brushes 
up from the commutator with pieces of 
wood or paper, then turn on the current, 
remove the field wire from its binding 
post, and absence of spark at the 
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breaking of the circuit will indicate a 
complete break somewhere in the circuit. 

In cases of field trouble in isolated 
dynamos where current is not obtain- 
able, it will be necessary to remove the 
terminals of the field circuit from their 
binding post, and ring through it with a 
magneto or bell and battery. 

Short circuits in field coils may be 
determined by measuring, with the 
proper instruments, usually a portable 
bridge and galvanometer, the resistance 
in each magnet coil. Any appreciable 
difference in the resistance of the mag- 
nets will indicate that the one of least 
resistance has been short circuited. 

A machine thus affected will spark 
more at one brush than at the other 
when running, and it will further be 
noticed that the short circuited magnet 
will heat less than the sound one, which, 
in turn, will be above the normal. 

The remedy for such troubles is to 
remove the faulty magnet and unwind 
the wire on it till the break or ground is 
found, when the fault may be repaired, 
and the wire wound back again. 

It may be stated here that a frequent 
cause of short circuits in field magnets 
and armature is due to the soaking they 
receive from oil thrown out by faulty 
bearings. 

Oil, soaking into a field, seems to 
have the effect of rotting the insulation 
on the wire, anda short circuit or ground 
is the result. 
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A carbon brush of high resistance may 
cause sparking because of its poor 
contact with the commutator. A char- 
ring or burning of the brush about the 
edges will be noticed, and the brush itself 
becomes hot, in which case supply a 
softer brush. 

Again, vibration in the machine, due 
to insufficient foundation, is frequently a 
cause of sparking. It will be found to 
decrease when the machine is braced. 
Often nothing more is needed than a 
slight increase in the tension of the 
brushes. The better way, however, is 
to secure the machine firmly to a good 
substantial foundation of masonry. 

A chattering of the brushes is some- 
times due to a dirty and sticky condition 
of the commutator. This is apt to be the 
case with radial carbon brushes. To 
remedy this, wipe the commutator clean, 
and then lubricate it with oil or vaseline 
rubbed on with a piece of cotton cloth 
or felt. 

A trouble to which the same arma- 
tures are liable, and which is sometimes 
very difficult to locate, is what is termed 
a flying break. 

This will develop after the armature 
is in motion, causing violent sparking, 
with every indication of an open circuit, 
but will not be apparent to tests:-made 
when the armature is stationary. It can 
usually be found by careful inspection 
of the back, and can be repaired with 
thoroughly good soldered joints. 


LIFTING ELECTROMAGNETS.* 


By E. B,. CLARK, 


(Continued from p. 110.) 


HE accompanying engravings 
illustrate the facts emphasized 
in the general discussion pre- 

sented in the preceding article (Vol. V., 
No. 2, p. 105). Fig. 5 shows a section 
through a magnet built on the principle 
of a modified horseshoe, having one pair 
The horns on the 
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FIG. 5.—CROSS SECTION OF ROUND MAGNET. 


sling chains in case of the disablement 
of themagnet. Fig. 6 shows a perspec- 
tive of the same magnet. Though at 
first glance this seems to be an admir- 
able design, as a matter of fact it was a 
failure in practical operation. It has 
the advantage of thorough protection 
of the winding from external injury, 
which is important, but it possesses the 
following disadvantages :— 

(1) Large size, and therefore low 
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ratio of lifting power to weight. (2) A 
circular form of pole face, which is poorly 
adapted to hold a flexible piece such asa 
steel plate, for a long plate bends down 
at the ends and strips off from a round 
pole face. (3) Absolutely no ventilation 
of the winding. All heat loss in the 
coil must be dissipated through the out- 
side pole or shell by conduction, and 
thence to the atmo- 
sphere by _ radiation. 
The winding must, 
therefore, be heavy to 
prevent over-heating. 
(4) High leakage, due 
to the short distance be- 

£ tween poles. (5) High 
Y cost of construction. 
(6) Necessity to take 
magnet apart in order 
to repair a broken ter- 
minal lead (the fracture 
in which always occurs 
close tO “OF inside or 
the magnet). 

Notwithstanding these objections, the 
performance of this magnet, when tested, 
looked excellent, on paper. It lifted 
over 12 tons with 13 amperes at 250 
volts, or 3,250 watts. Its weight was 
1,235 lb., giving a ratio of weight lifted 
to weight of magnet of about 19. 

At this point it might be pertinent to 
note that the lifting power of a magnet 
obtained in a test where every condi- 
tion is advantageous to high tractive 
effort, means absolutely nothing from a 
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FIG. 6.—EXTERIOR OF A ROUND MAGNET. 


practicalstandpoint. The winding of any 
magnet can be so proportioned that a 
keeper laid across its poles cannot be 
detached by a pull of less than 130 to 
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FIG. 7.—SECTION OF BIPOLAR MAGNET, 


150 lb. per square inch of pole face, 
provided the air gap be made small 
and the keeper be thick enough to carry 
the magnetic flux. The round magnet 
described above is an example of high 
lifting power, but small practical value. 

Fig. 7 shows a section through the 
poles and windings of a bipolar magnet 
in use by the Illinois Steel Company for 
a number of years for handling plates, 
Fig. 8 shows a side elevation, and 
Fig. g a perspective view of the same 
magnet. The form of the pole face is 
well adapted to plate handling; when it 
is laid across the plate a long surface of 
polar face is presented to resist the 
first tearing-off tendency, due to the 
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plate bending down at the ends. The 
pole faces being some distance apart do 
not encourage leakage. The magnet 
will pick up several plates at a time, 
which is an advantage when loading 
small sheared plates and a disadvantage 
when handling long unsheared plates. 
This magnet, however, as did the round 
magnet, possesses the disadvantages of 
large size, lack of ventilation, high first 
cost, and high cost of maintenance. It 
must be taken apart to repair a lead 
broken close to the frame, or to replace 
a worn eyebolt. The top plate is of 
steel, the pole pieces are of wrought 
iron, the casing is of cast brass, and 
the winding of No. 14 double cotton- 
covered magnet wire (two coils, 85 Ib. 
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FIG. 8.—SIDE VIEW OF BIPOLAR MAGNET. 


each). On test it has lifted 6 tons with 
64 amperes, at 250 volts, or 1,562 watts. 
Its weight is 1,200 lb., giving a ratio 
of lifting power to weight of Io. 

A comparison of the data given for 
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FIG. 9.—EXTERIOR OF A BIPOLAR MAGNET. 


Lifting Electromagnets. 


these two magnets makes it appear that 
the round magnet is much better, but, 
as already stated, the round one was a 
failure and the long one a success. The 
conclusion is that the figures usually 
given for the performance of a magnet, 
viz., lifting capacity and power con- 
sumption, are absolutely valueless from 
a practical standpoint. The coil of the 
round magnet has 2,904 turns of wire 
weighing about 2171b.; the two coils 
of the long magnet contain 2,952 turns 
and weigh about 176 lb. The round 
magnet, with its compact design, can 
lift more than twice the load of the long 
one because of its greater number of 
ampere turns; yet it was a failure by 
reason of its shape. The lesson taught 


FIG. 10.—A MULTIPOLAR LIFTING MAGNET. 


is that the shape must be right, the 
design compact, and the magnet small. 
With these points in view, the solution 
seems very simple. It merely consists 
in properly grouping small magnets into 
one complete and mechanically well- 
designed structure. 

The writer, after considerable experi- 
menting about two years ago, selected, 
as the best shape and best size of unit 
for handling plates, a pole piece having 
a cross-section of I in. by 5 in., and a 
length of 34 in. Its coils surrounded it 
to a depth of 2 in. (including insula- 
tion), and covered 2%in. of the length 
of the pole piece. No bobbin was used, 
the insulation of the coil being sufficient 
to protect‘it. The:pole pieces were cut 
from 1 in. by 5 in. bar iron or soft steel 
and planed to true surfaces top and 
bottom, in groups of eight or ten at 
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once. When the corners were rounded 
with a file, and the pole piece drilled 
and tapped for J in. bolts, it was finished. 
The coils were all alike, being machine 
wound and interchangeable. In the 
light of more recent experience this 
design evidently could be improved, but 
it is doing and has done for two years, 
most successful service. Its small size 
(requiring small head-room) and its low 
weight were particularly advantageous 
in this case. 

Fig. 10 shows the side elevation of a 
magnet built up in this way. Fig. 11 
isan end’ elevation, and Fig; x2 ‘a 
perspective of the same magnet. In 
this case the service was the handling 
of long unsheared plates, several magnets. 


FIG. II.—END VIEW OF MULTIPOLAR LIFTING MAGNET. 


being hung from a long beam and 
operated simultaneously. It is desirable 
to take a very firm hold on one plate 
without picking up the floor plates of 
the ‘“‘*hot-bed.” With this object in 
view, the twelve poles are arranged in 
two rows of six each, alternating in 
polarity. The magnetic flux then 
passes each way from each pole, the 
result being to reduce the reluctance of 
each circuit to less than it would be 
even if used as an independent magnet, 
and also to avoid carrying the density 
of magnetization in the plate being 
handled to an excessive point. The 
plate, therefore, short circuits the lines 
of force and prevents the leakage 
through to the lower side, which would 
pick up the floor plates. A large area of 
plate surface is covered and a powerful 
grip taken on that area. 
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The general form of the magnet face 
is rectangular, which is the shape best 
adapted to prevent stripping off. The 
top is one continuous piece of dead soft- 
steel plate, finished on the bottom and 
edges. Tap bolts hold the pole pieces 
to this plate. Above this is an eye- 
plate, into which the eye for supporting 
the magnet is riveted. By this means 
a worn eye can be replaced quickly and 
easily without disturbing the magnet 
proper. The terminal leads are so 
arranged that they cannot be broken 
inside of the top plate, being connected 


externally to terminals which are 
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with 4 
watts). 

However, as previously stated, these 
figures really tell nothing of the value 
of a magnet foractual use. As a matter 
of fact, the most powerful magnet thus 
far described, the round type, was 
absolutely useless asa plate handler; the 
next one, also powerful, was partly 
satisfactory; and this least powerful 
one is the best in this particular case. 
It weighs about one-fourth as much, 
uses about two-thirds the power, costs 
about one-half as much, requires almost 
no repair, and holds a plate far more 


amperes at 230 volts (920 


FIG. I12.—PERSPECTIVE VIEW OF MULTIPOLAR MAGNET. 


protected by cast-brass guards, easily 
removable. Details of this terminal are 
shown in Fig. 13. The coils are held in 
position by a bottom plate of cast or 
sheet brass, which, in turn, is held by 
side plates of sheet brass; these also 
afford protection to the sides of the coils. 
Ventilating holes allow free circulation 
of air through the interior. In a very 
wet place these holes could be omitted, 
but no trouble has been experienced 
from weather grounds where good 
insulation is used. The magnet weighs, 
complete, 300 lb., and lifted, in a test 
similar to those given the bipolar 
magnets previously mentioned, 4 tons, 
making the ratio of lifting power to 
weight about 27. It takes 4-4 amperes 
at 250 volts (1,100 watts), but it works 


securely. ihe weight lifted per watt 
expended is not large, but a large figure 
for this ratio does not necessarily indi- 
cate a good design. In ordinary plate 
handling, a large air gap must be taken 
into consideration, which means that a 
large flux must be driven through a high 
reluctance. If this air gap be reduced 
to make a big lift on test, the winding 
will take just as much current, but the 
flux will not be as much per watt 
expended because of the decreased 
permeability at the high density of 
magnetization in the pole piece, which 
is above saturation. If it is desired to 
build a magnet which will show a big 
lift per watt expended, on a test, the 
winding should be so proportioned that 
the poles are not over-saturated, and a 
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large area of pole faces should be allowed. 
But when such a magnet is placed in 
use where a big air gap is unavoidable, 
it will suffer a severe impairment of 
lifting power because of the increased 
reluctance and consequent decreased 
magnetization. 

To secure this high ratio of lifting 
power to watt expended, the current 
density in the coils should also be made 
very low; that is, a large number of 
turns of wire should be wound on, 
which will decrease the current without 
decreasing the ampere-turns. Ofcourse, 
though, this will increase the weight of 
the magnet, both as to iron and copper, 
and will run its cost up. 

In handling sheared plates it is 
frequently desirable to expedite the work 
by picking up several small plates at 
once. If they are very small, say only 
a couple of feet square, they can be 
handled on edge, but if larger, they have 
to be picked up flat, one on top of 
another. A magnet for this work is 
built up in the same manner, but the 
poles are arranged differently. Fig. 14 
shows a side elevation and Fig. 15 an 
end elevation of such a magnet. The 
poles are arranged in four rows of three, 
each placed end to end. ‘The first and 
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the flux must pass over the space 
between the second and third rows. A 
plate across the magnet face then 
becomes saturated, and some flux is 
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FIG. 13.—DETAIL OF COIL TERMINAL. 


forced down into the plates below. The 
result is that several plates are picked 
up. By connecting the coils in two 
circuits and bringing the leads out to 
suitable pole-changing devices, which 
can be made very simply, the arrange- 
ment of polarities here described can 
easily be changed to the more economical 


FIG. I4.—MULTIPOLAR MAGNET FOR LIFTING SEVERAL PLATES AT ONCE, 


second rows are close together and the 
third and fourth rows are similarly 
arranged, but considerable distance is 
left between the second and third rows. 
All poles on one side of this space are 
of one polarity, and all on the other side 
are of the opposite polarity. Then all 


FIG, I5.—END ELEVATION OF SAME, 


one first described, for ordinary work, in 
which it is not desired to handle more 
than one plate. In the case of each 
magnet illustrated, a plate is shown 
across the magnet face, and dotted lines 
are drawn, showing the path of the 
magnetic flux through the lifted plate. 
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DATA FOR THE DESIGNS ILLUSTRATED. 
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pulweeior Maguetcr ats fe se ogee ce eerate Round, Fig. 6. | Long, Fig. 9. | Small, Fig. 12. 
PSive Of Witce te Nee ay, ee een ING, £2; No. 14. | Non17. 
blurns: per Coll. 225 <a se et emi meee 2,904 1,476 644 
b Lotal turns: oy Gales = «wen sei e nage etn 2,904 | 2,952 7,728 
Total Pqunds Of Wile eet ree STF 176 57 
beTotal resistance dat +50. G.'. atte naar | 19°25 ohms. 40 ohms. 56°6 ohms. 
| Amperes at 250 volts ....--..++-eseeee 13 / 6°25 4°42 
Circ.-mils per'ampere, a. .. Wise. ee 502 656 465 
Total ampére-turns.vps e250 4 ee 37,752 18,450 34,158 
Amp.-turns per sq. in. of pole TACe Ltees | 482 348 1,138 
Area of pole jaces, Sq. IN. ....4......... 204 106 60 
Areavol marietfacessqeily ...)5 2 380 233 241 
Tons: ited Gm teSLe sees ceo ae. eee 12 6 4 | 
Weight-of nisgnet, Ibs. on)... ae 15235 1,200 300 / 
Pounds lifted per pound of magnet ; 19 4 Io 26°7 
Pounds lifted per watt. .......-..----.. | 7 9 | 75 


If it is desired to drop a plate from the 
bottom it can easily be accomplished 
by the method of quickly opening and 
closing the circuit, as described in the 
previous article. In the case of a 
magnet winding built up of small coils, 
the flashing is less severe upon opening 
the circuit. 

There are many other arrangements 
of these small pole units that could be 
made to meet special requirements. 
For example, a circular structure would 
be well adapted for car wheels, while 
other special shapes to be lifted might 
require other arrangements. For a 
straight pull the round pole piece is 
preferable because it can be wound with 
a given number of turns with the least 
amount of wire. The table herewith 
gives the data for the designs illustrated. 

The actual mathematical equations for 
predetermining the flux and the conse- 
quent required magnetizing force are 
very simple, inasmuch as no actual 
work is done by the magnet. Its 
function 1s simply to resist the force of 
gravity, and does not involve a space 
acted through. Therefore, all power 
absorbed by the magnet is accounted 
for by losses in the magnet itself. The 
important feature of design, then, is the 


correct shaping of the magnet to the 
work required of it, due attention being 
paid to first cost, and cost of repair. It 
always should be borne in mind that a 
magnet must be built to suit conditions 
in order to obtain best results. When 
this is done and a successful design 
produced, the owner will value his 
magnet at many times its cost, and 
generally will investigate the feasibility 
of putting in more of them. Like every 
other labour-saving device, a magnet, 
to be entirely successful, will often 
necessitate some changes in former 
methods of operation, but such changes 
are soon paid for. 

The Illinois Steel Company and one 
or two concerns in England have had 
magnets in use for a long time, and 
during the last few months a number of 
other mills in this country have adopted 
their use. Where they have been 
properly built to suit the existing con- 
ditions they have been universally 
successful. 

That this field, like every other one 
promising cheaper methods of doing 
work, will soon be invaded, cannot be 
doubted by any one who has seen the 
advantages to be gained in many cases 
by the use of electro-lifting magnets. 
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N_ discussing the employment of 
pneumatic tools and appliances in 
foundry work, it is not my pur- 

pase to describe any device not perhaps 
familiar to you all, but rather to present, 
in as brief and collective a form as the 
subject permits, the various appliances 
which have lightened labour and reduced 
costs in foundry service, that are de- 
pendent upon compressed air as their 
actuating medium. 

The introduction of pneumatic tools 
in a form marketably perfected for shop 
or foundry usage dates back but a few 
years, and their wide-spread adoption, 
remarkable for its rapidity, is, after all, 
the most convincing proof of their com- 
mercial value. To-day a boiler shop or 
machine shop devoid of compressed air 
equipment is a rarity, and if the foundry 
end of our mechanical community is 
not so well provided for, I venture to 
say that it is because the merits and 
labour-saving properties of pneumatic 
machinery have not, in the rapid de- 
velopment of the business, been as 
thoroughly demonstrated to the foundry 
trade. The day is near at hand, how- 
ever, when a foundry without pneumatic 
equipment cannot produce its output in 
commercial competition with foundries 
that have adopted it. 

HOTS FS: 

The best known and most widely 
employed foundry appliance actuated 
by compressed air is the pneumatic 
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hoist, originally used only in the straight 
lift, piston and cylinder form, but now 
utilized in a variety of types. 

The vertical hoist and the horizontal 
style are both largely used, the latter 
being desirable when available head 
room is scant. The horizontal hoist 
may be arranged for a lift of two feet 
or four feet for each foot of piston 
travel, when desired. Operated by a 
simple three-way valve, with no com- 
plicated mechanism, these hoists are 
well-nigh indispensable for duty not 
requiring an immovably sustained load. 
For this latter demand, where irregular 
action is not permissible, a more refined 
type of hoist is obtainable in which the 
incompressible qualities of oil are used 
to govern and restrain the sometimes 
too elastic properties of compressed air. 
This is accomplished by providing the 
hoist with a hollow piston rod filled with 
oul, thereby preventing a more rapid 
movement of the piston in its upward 
travel, than emission of the oil through 
the necessary controlling valve will 
permit. This form of hoist eliminates 
that element of danger which otherwise 
would be present in handling vessels of 
molten metal, and also permits a sort 
of elastic ‘positiveness which is so 
essentially desirable. In the actual 
work of moulding, as in lifting copes 
and moulds, drawing patterns and 
moving cores, the air hoists will do 
50 per cent. more work in an easier 
and better manner, without the danger 
of losing castings and with considerable 
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saving in repairs. The peculiar adapta- 
bility of this device, properly rigged, as 
a drop or casting breaker, is apparent, 
since it 1s evident that the sudden release 
of the load could not possibly affect the 
regular and even progress of the piston 
in its return strike. This machine will 
break three half-pigs into three pieces 
each in one minute, and can easily break 
20 tons of pig while a man is breaking 
up one ton by the old sledge method. 
The motor chain hoist is a more 
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up to 10,000 pounds in weight, at speeds 
varying from 10 to 36 feet per minute. 


HAMMERS. 


A most useful foundry appliance, 
familiar to you all, is the pneumatic 
hammer for chipping castings; in fact, 
so general has become the adoption of 
this invaluable tool that the mere pre- 
sentation of it in the accompanying 
view, showing its best known form of 
application, wil] suffice, supplemented 


FIG. I.—-THE PNEUMATIC HAMMER IN THE FOUNDRY: CHIPPING A LARGE CASTING. 


recently developed appliance, intended 
for similar service, and embodies com- 
pactness of form with rapid, even speed 
and perfect regulation. It consists of 
the motor familiar to all users of pneu- 
matic drills, so combined with a chain 
hoist as to permit quick movement, 
accurate suspension of load and prompt 
reversibility. One.of the latest types 
operates the motor in a bath of oil, 
avoiding the annoyance sometimes due 
to insufficient lubrication because of the 
inaccessible location in which the hoist 
must operate. These hoists, with ade- 
quate pressure, are made in sizes to lift 


by the general statement that one man 
with one of these tools will customarily 
do the work of four men following the 
old methods. 

DRICLS: 

The air drill is another very familiar 
labour-saving device in some classes of 
foundry work, though more peculiarly a 
tool possessing a wide variety of useful-. 
ness in the shop, where for drilling, 
reaming, rolling flues, and other appli- 
cations seemingly limitless, it has estab- 
lished itself, next to the pneumatic 
hammer, as the most generally used 
type of air tool. When a large, heavy 
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casting is to be broken up for return to 
the cupola, a small pneumatic drill may 
be advantageously used to drilla suitable 
number of small holes into which may 
be inserted a round taper steel wedge 
which, with a few well directed hammer 
blows, will sever the piece into parts 
suitable for remelting. 

The application of the drill motor 
equipped as a casting cleaner, will 
appeal to you as a saver of labour and 
money without further argument when 
its immense speed and power are con- 
sidered. 


SAND RAMMER. 


One of the most recently perfected 
pneumatic devices suitable only to 
foundry requirements, is the pneumatic 
sand rammer, now shown in its most 
improved form. Accurately counter- 
balanced, the weight of this tool com- 
pletely rigged is not quite 300 pounds, 
and operated under an air pressure of 
40 pounds per square inch it will deliver 
an average of 3co blows per minute. 
The maximum stroke is seven inches, but 
the length of stroke, and consequently 
the number of blows delivered, may be 
changed at the will of the operator by 
simply varying the proximity of the 
rammer to the work. It is estimated 
that a greater quantity of sand can be 
rammed in a more effectual manner by 
this machine than five men can do by 
hand. 


SAND BLAST. 


Passing from the sand rammer, pos- 
sibly the newest of pneumatic con- 
trivances to serve the foundryman’s 
needs, we reach what to me seemed 
to be the oldest and one of the most 
widely known, though perhaps not most 
widely used, of them al!—the pneumatic 
sand blast. Embracing a broad field of 
application and in some way adapted to 
the needs of almost every known form 
of foundry work, the adoption of the 
sand blast has been retarded somewhat 
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through patent limitations ‘and ultra- 
conservative methods of introduction. 
Another objection has been its wasteful 
utilization of what was formerly a most 
expensive commodity—compressed air 
—but this element of criticism is elimi- 
nated in a great measure because of the 
rapid strides in the development of 
economical and efficient air compressing 
machinery. The value of the sand 
blast for foundry use, if obtainable at 
proper operating cost, being universally 
conceded, I will sum up my reference to 
this device by quoting from the pam- 
phlet of a manufacturer, treating the 
subject from an argumentative stand- 
point :— 

‘The question is asked, Does the sand 
blast pay for foundry use? And it is 
answered with the qualification that it 
is difficult to approximate on general 
work. The argument continues, that 
on ordinary iron, steel, brass and bronze 
castings, one man operating a sand 
blast apparatus consuming 120 cubic 
feet of air per minute, will clean more 
surface and remove more cores in a 
given time than is possible for from six 
to ten men to do with hammers, chisels 
and brushes, and the finished work left 
by the sand blast is infinitely better 
than can possibly be produced by hand 
labourers. Burned sand or scale is 
removed rapidly by the blast, and not 
only does it effect a great saving in time 
and labour, but a further saving is 
effected on castings to be machined; 
the removal of the oxide in itself is a 
great saving on tools, and in many cases 
the tools can be run at an increased 
speed. This applies particularly to 
milling cutters. Difficult and intricate 
cores are readily removed, and in clean- 
ing steel castings in which large quan- 
tities of wire nails are used, the sand is 
eaten away first, and subsequently the 
nails will fall to the ground, sand blasted, 
perfectly clean, and in condition to be 
used over again. In a number of 
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foundries where the sand blast has been 
introduced the use of facings has been 
discontinued. In some cases the only 
objection, in fact, that has been made 
to the sand blast is an unpleasant 
habit of making defects too plainly 
discernible.” 

Another recent improvement in connec- 
tion with the sand blast is the application 
of it in conjunction with blast inserted at 
one or both ends of the barrel. The 
tumbling barrels:—These barrels run 
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FIG. 2.—PNEUMATIC SAND SIFTER. 


very slowly, and consequently there is 
slight risk of breaking a fragile casting; 
neither are the edges of them worn off 
and destroyed, as in the case of ordinary 
rattling at high speed. The castings 
are not cleaned by tumbling, but by 
sand ; usual time consumed in cleaning 
Aecharcvesol tais barrel as. fromncomsto 
30 minutes. 


SAND SIFTER. 


The device next shown isa pneumatic 
sand sifter, representing another method 
ot utilizing the air drill motor for the 
needs of the foundry. With compressed 
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air available for its operation, the value 
of this apparatus through saving of 
labour and attention becomes readily 
apparent. It can be moved from place 
to place in the performance of its work, 
saving the time and labour otherwise 
required to convey sand toa fixed sifting 
point. 

I have refrained purposely from any 
detailed reference to the pneumatic 
moulding machine, a most important 
feature of compressed air foundry equip- 
ment, because the 
economy and value of 
this device have been 
so recently placed before 
you in a paper devoted 
to the subject. Suffice 
it to say that the pneu- 
matic moulding machine 
presents in itself a most 
potent argument for the 
introduction of the air 
compressor in foundry 
service. 


PAINT MACHINE. 


The pneumatic paint- 
ing machine is a simple 
form of compressed air 
device deserving a place 
in this paper, because of 
its exceptional economy 
for painting the in- 
teriors of foundry build- 
ings. One man with this handy utensil 
can cover more space and distribute the 
paint more evenly than four men using 
ordinary paint brushes. ‘The air con- 
sumption is moderate, and the results all 
that can be desired. 


COMPRESSOR EQUIPMENT. 


There are, of course, numerous special 
employments of compressed air in foun- 
dry work peculiarly adaptable to indi- 
vidual conditions, but not of general 
interest or application, reference to which 
is not within the province of this paper ; 
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but such applications suggest the inevit- 
able conclusion that when once you have 
compressed air available, the number of 
convenient and economical possibilities 
that it presents to the progressive 
operator is surprising, and its field of 
usefulness in your service broadens with 
amazing, but none the less gratifying 
rapidity. Second only to electricity in 
its fascinating possibilities, compressed 
air yields nothing to electricity as a 
power with properties peculiarly its own, 
inimitable and unsurpassed in the com- 
mercial development of our time, and 
with the constantly rising standard of 
efficiency in air compressing machinery, 
that most important source of power 
which regulates the value of pneumatic 
apphances, more widespread adoption 
is inevitable. Imperfect and wasteful 
air compressors, possessing the primary 
virtues of cheapness but with all the 
faults in the mechanical calendar, will 
do more to offset the resultant value to 
be derived from the use of pneumatic 
foundry equipment, than labour an- 
tagonism, either secret or expressed. 
Therefore, to derive the utmost benefits 
from the installation of compressed air 
machinery, the selection of a compressor 
should be carefully considered. It is 
unwise to instal a compressor just about 
equal in capacity to present require- 
ments, good practice being to provide a 
compressor at least 50 per cent. greater 
in capacity than immediate necessities 
demand. Compressors of the duplex 
type are divisible, permitting the instal- 
lation and operation of one-half at first, 
and the other half when the additional 
capacity is needed. ‘The theoretical 
capacity of an air compressor stated in 
the list of the maker is not the equiva- 
lent of the actual volume of air needed 
for the service. All makers list their 
compressors according to theoretical 
measurement, but the efficiency of the 
compressor is determined by the volume 
of air actually delivered with a given 
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consumption of power. ‘The cheap air 
compressor usually proves the most 
expensive. If a water-pump fails in its 
work, or 1f a steam-engine is deficient, 
the shortcomings are self-evident, but if 
an air compressor is poorly designed or 
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badly constructed, it may continue in 
the evil of its ways until the scrap-heap 
claims it for its own; unless, as is more 
likely, an absolute breakdown calls 
attention to its deficiencies, and shows, 
all too late, that the hole it has made 
in*the coal-pile, added to the cost of 
keeping it in repair, would have paid a 
handsome interest. on the additional first 


172 


cost of a properly-designed and properly- 
constructed compressor. Second-hand 
compressors are poor investments, unless 
known to have given satisfaction in ser- 
vice similar to that for which intended, 
and, in any case, the working parts 
should be carefully examined to see that 
they retain their full measure of useful- 
ness. An air compressor with valves, 
pistons, etc., worn out or in bad repair, 
can waste a great amount of power. 

The use of air-brake pumps and 
direct-acting compressors is very bad 
practice, as statistics show that their 
steam consumption is about five times 
that of a crank and fly-wheel compressor 
for the same volume and pressure of air 
delivered. Instal a steam-driven com- 
pressor, if your steam supply is plenty ; 
otherwise. a belted compressor may 
serve best. 

Intake air to the compressor should 
not be drawn from a hot engine-room, 
or from any point where dust is abundant. 
The volume of air delivered by the com- 
pressor increases proportionately as the 
temperature of the intake air is lowered, 
and dust or grit entering the compressor 
clogs the valves, cuts the cylinders and 
generally impairs the efficiency. 

The selection of an air-receiver should 
have careful consideration. Compressed 
air under 100 lb. pressure will leak a 
horse-power through a _ one-sixteenth 
inch diameter hole in five minutes, anda 
well-made strong and tight air-receiver 
is the second essentially important factor 
if you would realse to the utmost all 
the advantages which compressed air 
provides. 

Test the air-piping under full pressure 
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when it is installed, and at regular 
intervals thereafter, allowing the pres- 
sure to remain an adequate length of 
time, and if the gauge indicates leakage, 
locate and remedy it. To secure the 
best results and eliminate moisture from 
the compressed air, connect your pipe 
leading from the compressor to the top 
of the receiver, and lead your air-pipe 
to points of consumption from the bottom 
of the receiver. Proper provision should 
be made for draining condensed moisture 
at regular intervals in the system. The 
simplest method is to slightly incline 
the branches leading from the main line 
and insert drain-cocks before the hose 
connections are reached. In pneumatic 
equipment, as in all things else, the 
proverbial ounce of prevention saves 
the pound of cure. Experienced know- 
ledge which the compressor maker or 
pneumatic tool manufacturer is ready to 
provide, coupled with sound calculation, 
will assure the highest results and 
utmost economy. Whether to put in 
a steam-driven or belt-actuated com- 
pressor; whether it should be of the 
duplex or single type, and have simple 
or compound cylinders; where best to 
locate the compressor and where to place 
the receiver; what size of receiver is 
adequate ; whether the size of the plant 
warrants provision for reheating the air 
—all these are points requiring careful 
consideration. In installing pneumatic 
equipment it is generally desirable to 
procure the entire outfit from one source. 
Thus, division of responsibility for the 
successful operation of any feature of 
the plant is avoided, and one guarantee 
covers everything. 
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By JOHN ASHFORD, A.M.I.Mech.E, 


-——_—<- —__— 


ANY changes have taken place 
during the last few years in the 
methods of machining in our 

various engineering establishments and 
manufactories, changes which are 
necessary in the march of progress, 
and which we must and do recognise 
as essential, in order that we, as a 
country, may maintain our position in 
the manufacturing world. These changes 
in machining methods usually accom- 
pany modifications in the schemes of 
works’ management, the object being 
to systematise the output of work, so 
that prime costs may be reduced to the 
lowest point, while the quality of the 
productions, as regards both accuracy 
of size and fineness of finish, may be all 
that can be desired. In order that these 
new schemes of organisation may be 
satisfactorily worked and all require- 
ments of the new order of things fulfilled, 
there has been a demand for machine 
tools which in themselves shall fit into 
the scheme, be more handy for their 
work, be capable of producing numbers 
of an article exactly alike, be automatic, 
where possible, in their action, and shall 
tequire little skilled attention. That 
the changes in themselves are great 
may be realised when we consider to 
what an extent milling processes have 
supplanted shaping and slotting, and, 
more especially, hand-finishing; how 
grinding is now used for finishing work 
that has previously been turned; and 
that at present automatic machines are 
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being introduced for producing machine 
parts in quantities which had hitherto 
to be made by skilled men at a much 
higher cost. 

In what manner these methods origi- 
nated it is difficult to say; but, in all 
probability, they were first introduced 
in the manufacture of watches and 
clocks in large numbers; then in the 
production of small arms, sewing 
machines, type-writers and the like; 
and later in the construction of cycles. 
Engineers have now, without doubt, 
recognised the fact that similar methods 
may be employed in the manufacture of 
larger machines, locomotives, and even 
bridges and ships. These changes have 
not been suddenly brought about, 
although, to some, it may appear so; 
but they are, in fact, the result of 
steady progress. To those who have 
not kept abreast of the progressive 
movements, the changes may have been 
forced upon their notice with unpleasant 
suddenness by the experience of foreign 
competition. Probably there are estab- 
lishments with which some of our 
members are connected where it is 
realised that alterations in the pro- 
ducing-plant must be made; yet there 
is hesitation in making the heavy 
outlay necessary before they have 
thoroughly considered the matter, and 
are satisfied as to the results likely to 
accrue. 

That the matter is serious is evident 
from the fact that in certain manu- 
factories whole shops have been cleared 
of their machines, and a completely new 


aie 


174 


and up-to-date plant installed. This 
paper has, therefore, been prepared in 
order to create an opportunity for the 
discussion of the details of machine tools 
upon which much thought has been 
bestowed. It is intended that the term 
‘light lathe’? as applied in this paper, 
shall indicate lathes such as engineers 
use, the centres being below ten inches. 
The ordinary lathe, with which we were 
satisfied ten years ago, does not fulfil 
the requirements of the present day. 
There is no disputing the fact that it 
was a good serviceable tool, but the 
necessities of these times demand a 
machine which may be more smartly 
worked, be more handy, and cause less 
loss of time. What, then, are the 
requirements of a present-day lathe 
for tool and ordinary work, and how 
may these be fulfilled? In answer to 
the first part of this question, the 
author puts forward his views with all 
deference, and desires that members will 
state theirs ; and, in answer to the second 
portion, by way of solution, he ventures 
to point to certain existing designs. 

Let it be granted as a first principle 
that the machine should be stiffly con- 
structed, and so lined up and fitted that 
initially it may do satisfactory work ; 
then :— 

(a) Its wearing parts should be made 
of such material and so shaped, 
proportioned, and protected, that 
its wear may be reduced to a 
minimum, and the accuracy of 
the machine be maintained, and 
that such wear as takes place may 
be compensated by adjustments. 

(b) The various changes of speed, of 
traverse, of tool position, of tail- 
stock position, etc., should be 
effected by handle-movements 
which should be practically instan- 
taneous in action, and within easy 
reach of the operator. The use of 
a spanner for either of these 
purposes is undesirable. 
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(c) A reasonable change of speed 
should be possible without the 
handling of belts. 

(d) All ordinary speeds of traverse 
should be obtainable without the 
removal and changing of spur- 
wheels or belts. 

(ec) When screw-cutting or chasing 
from the lead screw, one movement 
should suffice to release the screw 
and withdraw the tool from the 
work. 

(f) When taper turning, it should 
not be necessary to disturb the 
alignment of the tail-stock, or the 
set of the rest. 

(g) Feed stops should be introduced, 
and also means of reversing the 
feed-traverse. 

(kh) It shouid not be possible for any 
two speeds of traverse to be in 
action at one time. 

It is difficult to exactly specify the 
requirements of a turret lathe, as so 
much depends upon the nature of the 
work to be machined. It may, how- 
ever, be conceded, that many of the 
requirements set forth in paragraphs (a) 
to (h), apply, with equal force, to turret 
lathes, and in addition the following :— 

(1) When working from the bar, a 
self-centering chuck must be fitted 
that shall have sufficient power and 
range of action to securely grip the 
bar when subjected to its heaviest 
cut, and allow for ordinary varia- 
tions in the diameter of rough 
stock whilst taking its grip without 
moving the stock longitudinally. 

(7) There should be a suitable means 
of feeding forward the stock when 
required, without undue loss of 
time, and it should come _ into 
action immediately the chuck is 
released. 

(k) The design of the revolving tool 
holder or turret should be such as 
would allow the greatest range of 
action; hold a sufficient number of 
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tools for all ordinary work; support of the turret lathe thus apply also 
the tool without spring with the largely to this class of machine, and in 
heaviest cuts; bring the tools into addition the following :— 
action, accurately located ; simplify (~P) The headstock should retain some 
the construction and 
setting of tools and 
their holders; and 
revolve and_ locate 
itself automatically. 
(/) Independent stops 
should be provided 
for each tool, and, 
when the turret tra- 
verse 1s actuated by 
lh 
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(m) The means of tra- : 
versing the turret &% “RKC KKK = z 
should be such as to = _— 
allow of quick move- 
ments while chang- 
ing the tool positions, 
and steady motions 
while cutting. 

(z) A cross slide is 
usually desirable to 
carry forming, cut- 
ting-off, and chasing 
tools, and its position 
should be easily and 
accurately adjust- 
able. 

(oteplieaitianya cases. 
especially for brass 
work, efficient means 
of chasing should be 
introduced, and if, 
for this purpose, a 
leader screw is used, 
excessive wear of the 
screw should be 
guarded against. 


4%, = 


ee ET] 
SS 
BORD % SSIS ST 


ZA 


DIFFERENT FORMS OF SPINDLE BEARINGS. 


Full automatic screw machines, suitable of the features as in the turret lathe, 
for automatic turning in addition to with modifications adapting it ‘to 
screw-making, may be considered to be automatic working. The speed of 
modified turret lathes, with mechanism spindle rotation should be variable 
added to automatically regulate the to a limited extent; but the intro- 


various movements. The requirements duction of self-opening dies has 
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rendered it unnecessary to provide 
any reversing mechanism. 

(7) A cam-shaft must be introduced 
to regulate the movements of the 
various parts, and, as the speeds 
of the movements are required to 
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Respecting paragraph (a), the wearing 
parts which affect the accuracy of the 
machine are :—The journals and bear- 
ings of the spindle; the various slides 
and slide surfaces; the screws and their 
nuts. 


Fig. 7 


THRUST BEARINGS. 


vary, the cam-shaft speed should 
be changeable, this speed variation 
being quite independent of the 
spindle speed. 

(v) It is a debatable question as to 
whether the turret carrying the tools 
should have aconstant ora variable 
distance of forward traverse. The 
settlement of this point greatly 
affects the design of the machine, 
and, in the author’s opinion, the cor- 
rect answer to the question is, that 
unless the scope of the machine is 
to be very much restricted, the for- 
ward traverse should be variable. 

(s) The mechanism controlling the 
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That a wearing surface may act 
satisfactorily, it is recognised that the 
following conditions should be fulfilled :-— 

(1.) That any pressure brought to 
bear upon it should be evenly 
distributed. 

(2.) That it should be protected from 
dirt of every description. 

(3.). That it “should pe 
lubricated. 

(4.) That the surface itself should be 
sufficiently large. 

(5.) And finally, its formation should 
not admit of any pressure brought 
to bear upon it being mechanically 
increased to any serious extent. 


efficiently 


ADJUSTING OR GIB-STRIPS, 


tool movements should provide for 
a rapid withdrawal of the tool and 
change of position, so that idle time 
may be reduced to a minimum. 
The question now is:—How may the 
requirements of the foregoing para- 
graphs best be fulfilled; and to what 
extent do they affect the construction 
of the machines ? 


LIGHT SLA LEE: 


The Spindle.—It is a point for debate 
as to whether the spindle should be hard 
or soft. In the opinion of the author, 
it is of much more importance that the 
bearing surface should be large, and that 
the journals be made truly cylindrical. 

The Beavings—As materials, each of 
the following are found to have been 
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used :—hard steel, cast-iron, phosphor- 
bronze, and brass or cast-iron lined with 
white metal. When the bearings are 
small, no doubt hard steel is desirable, 
but if they are of ample proportions, it 
becomes unnecessary. Too soft a metal, 
on the other hand, is not satisfactory, as 
it does not last well enough. Both 
phosphor-bronze and cast-iron may be 
considered suitable :—that is, if the 
bearings are well bedded and of sufficient 
diameter and length to satisfy condition 
(4) respecting wearing surfaces. 

Several different forms of spindle 
bearings are shown in Figs. 1 to 5. 
The conical construction, as in Figs. 1 
and 2, has the rather serious objection 
of failing to comply with condition (5) 
ye wearing surfaces, for, should the 
thrust-bearing be improperly adjusted, 
the cone will be forced more deeply into 
its bearing, thus increasing the pressure 
on the surface, thereby creating exces- 
sive friction. The cone-bearing, in fact, 
does not lend itself to either of the con- 
ditions (4) or (5), as, with a reasonable 
taper, the bearing is short; but if, on 
the other hand, the length is increased, 
there is a finer taper which still further 
violates condition (5). 

The author prefers the design shown 
in Fig, 3, where the bearing surfaces 
are parallel and the exterior of the 
bearings are coned. The bearing is 
split is one place and eased in two 
others, thus making a springy bush 
which, when adjusted longitudinally, 
will close upon the journal. This re- 
tains the advantage of the cone adyust- 
ment with a parallel bearing. In this 
same bearing, conditions (2) and (3) are 
well satisfied, there being a felt oiling- 
pad introduced into the split of the bush 
and dust-caps over the ends of the bear- 
ings. Halved bearings are very largely 
used, and ball-bearings, as in Figs. 4 
and 5, have been tried. 

Thrusts—W ith the cone-bearing, an 
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adjustable end-thrust, such as in Figs. 
6 and 7, is necessary, but, when parallel 
bearings are used, a non-adjustable ball- 
thrust is satisfactory, and it may be 
placed inside the poppets, thus adding 
to the compactness of the headstock. 
Ball end-thrusts may be seen in Fig. 3 
(and Fig. 28 and Fig. 53, to follow). 
Adjusting ov Gub-strips.—Several dif- 
ferent arrangements of these strips are 
ilustrateds tnm Pigs. 0,.st0° Abc rT, 
Those in Figs. 10 and 11 should un- 
doubtedly be used where possible, and 
the strip should have sufficient metal in 
it that only two adjusting screws may 
be necessary. It cannot be considered 
good practice to use thin strips with 
three or more grub-screws for adjustment. 
Slide Surfaces—That slide surfaces 
may wear well, the conditions as to 
wearing surfaces should be met as fully 
as possible, When the force applied 
for the purpose of traversing a slide 
is not central with the resistance, a 
couple results, with a tendency to twist 
the slide. A very small angle of twist 
causes condition (1) to be violated, con- 
sequently, unless the strips are so 
adjusted that there is no slack, the con- 
dition cannot be satisfactorily complied 
with. This logically leads to the follow- 
ing conclusions :—(1), either the screw 
or other means of traversing the slides 
must be in line with the resistance; or 
(2), where that is impossible, as it usually 
is, and as an ordinary machine operator 
cannot be depended upon to keep the 
strips correctly adjusted, the adjustments 
must be automatic; or (3), the guide 
surfaces in contact should be very long. 
From these points of view, it is evident 
that the nearer a traverse-screw is to 
the centre of the slide-ways, the better. 
The usual practice with the slide-rest 
conforms to this, but not so with the 
saddle, although some firms put the lead- 
screw in the interior of the lathe-bed. 
(To be continued.) 
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“WORTHINGTON” WATER TUBE 
SECTIONAL BOILER. 


OR general power purposes English 
makers do not favour the practice 
of building boilers complete in 

themselves, and in which brick and 
masonry are dispensed with, but this 


repair; cracks develop in the _ brick 
setting, often making inlets to the 
furnace for cold air, thus also reducing 
the temperature. It is also argued that 
it occupies more space and costs more 
for foundations. 


We illustrate an American Water 


FIG, I.—VIEW SHOWING AN INSTALLATION OF TWO ‘*‘ WORTHINGTON 


design of boiler is becoming increasingly 
popular in the United States. True, 
there are one or two—such as the 
‘Climax ”’—being built in this country, 
but even they are of American origin. 
The argument used against the brick- 
set boiler is that it continually needs 
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WATER TUBE BOILERS. 


Tube Boiler which has some interesting 
features. 

This boiler belongs to the sectional 
water tube type. It is entirely enclosed in 
air-tight iron casing. An arrangement of 
doors makesevery part of the interior con- 
struction readily accessible for cleaning 
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and repairs. The casing is lined with 
asbestos non-conducting material of a 
tough and durable texture to effectively 
prevent radiation. The mud drums ex- 
tend through casing, and are provided 
with hand hole plates which are accessible 
from the outside, when examinationis con- 
sidered advisable. The tubes are arranged 
directly over the furnace in oppositely 
inclined sections, several tubes high. 
Every tube isin the fire, and it is claimed 
therefore that every square inch is thus 
employed as heating surface. 


tie 


2 i am es ee 


GGLGGGGGGGGGZG4 
WYWILY B e 


\LALLLSLLD Si 
WZ 4 


SHEET NO 605 


FIG. 2.—END AND SIDE SECTIONAL VIEWS OF 


The circulation in this boiler is as 
follows: From the steam and water 
drum located above the tubes, into 
which the water is fed, it descends the 
water legs (four in number) placed out- 
side the furnace, to the mud drums at 
the base; thence it passes vzd the tube 
connections into the lower series of 
headers; thence through the tubes over 
the fire into the upper series of headers; 
thence via the tube connections into the 
steam and water drums from whence it 
started. The downtake tubes are shown 
in the end sectional view by dotted lines. 
When steam is generated in a boiler, 
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its immediate and free transit to the 
steam reservoir is necessary. It should 
not be impeded by devious channels, or 
concentrated at one point common to 
the entire boiler, and thence emerge 
with a degree of violence out of keeping 
with the action in other parts of the 
boiler. Such concentration and delivery, 
through a contracted passage, means 
unnecessary disturbance in the steam 
drum, where quiet should prevail. Its 
effect is felt throughout the boiler, and 
the direct results are, irregularity in 
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‘* WORTHINGTON WATER TUBE BOILER. 

motion of the water contents of the 
boiler, an unsteady water line, and wet 
steam. When steam is being rapidly 
generated and promptly withdrawn from 
the steam drum for use, it becomes a 
matter of great importance that the flow 
from the various tubes shall be steady, 
gentle and devoid of cominotion. The 
steam delivery arrangement of the 
‘* Worthington ”’ boiler is such that each 
section has its own independent outlet 
for the steam made in that section ; and 
the inlet to the drum is in the side of 
same, and approximately at the water 
line. Thus, a boiler composed of, say, 
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twenty-four sections, has twenty-four 
separate connections with the steam 
drum. In a boiler built in sections of 


24 in. tubes, seven tubes per section, 
each 7 ft. long, each section represents 
about 4 h.-p. 

By reason of its sectional character, it 
can be delivered in places wholly in- 
A boiler of 


accessible to many boilers. 


EXPLANATORY VIEW OF THE ‘‘ WILSON” 


200 h.-p. can be passed through a 4 ft. 
by 4 ft. opening, doorway, or window. 
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THES WIESONE SS HILDDER: 


E give herewith a vertical side 
9”) elevation and part section of 
a new filter or filter-press. 
Previously in this type of filter, the 
filtering medium, consisting of flax or 
cotton cloth, has been cut up into 
separate pieces for each chamber. When 
the interstices of the cloth were clogged 
up by the fine matter contained in the 
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liquid being filtered, it was necessary to 
remove each cloth by hand, wash it also 
by hand or by a separate washing 
machine, and then replace it on the 
frame or plate, as the case may be. 
This is altogether avoided in the 
“Wilson” filter, and the improvement 
marks another step in the direction of 
economising on hand labour. By means 
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FILTER. 


of parallel rollers B, attached to the 
frames and plates, the cloth J is 
manipulated as an endless band, and 
when drawn through the nipping rollers 
C, D in the direction of the arrow, is 
brought into contact with a brush, or 
brushes, G, rotating at a higher speed 
and in the contrary direction. ‘That is 
the gist of the invention, and the result 
is that what formerly occupied the space 
of hours, and involved corresponding 
labour, can now be accomplished in 
considerably less time. The links F 
enable one man also to open out the 
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elements of the filter expeditiously and 
into their proper positions while the 
bed-plate E, with drain pipe H, serve 
to remove the brushings in a clean and 
convenient. manner,. Jhese circular 
brushes have been found to be most 
satisfactory in their action, In many 
cases where filters of this description 
would have been welcomed for the large 
area they provide within a limited space, 
their use was impracticable, owing to 
the excessive time and labour involved 
in cleansing the filtering cloth; but with 
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the adoption of these brushes in com- 
bination with a travelling cloth, this 
disadvantage has been entirely got rid 
of. The apparatus works with the 
utmost smoothness, and the results 
obtained, so far as filtration is con- 
cerned, have been remarkably good. 
The patentees and manufacturers are 
The Wilson Filter Syndicate, Limited, 
Byfés Chambers. 1055 West George 
Street, Glasgow, on application to 
whom one of these filters may be seen 
in operation. 
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(Selections from recently published Patent specifications. 


Branch, 25, Southampton Buildings, Chancery Lane, E.C. 


No. 21,942 of 1899. H. H. Gudgeon, of 
London, for “ Apparatus for Watering Cutting 
Wheels on Lathes,” 


The apparatus consists of a reservoir 
for holding water or any other fluid, to 
which is fixed a spindle working in 
bearings in two standards placed verti- 
cally in a base of heavy metal. A cap 
fixed in the top of the reservoir can be 
removed to fill the same. A wick passes 
through the cap, and rubber tubing 
passes over the wick and part of the 
cap. The wick can be drawn past the 
end of the rubber to touch the wheel, 
scratch brush, or other object to be 
moistened. The rate of flow of the 
water or other fluid is regulated by a 
screw passing through a_ projection 
arising from the cap, which presses a 
piece of springy metal also arising from 
the cap against the rubber tubing con- 
taining the wick, which is buttressed 
by a projection arising from the other 
side of the cap. Slots are cut in the 
standards, which admit of the reservoir 


Complete copies may be obtained at the Patent Office Sale 


Price 8d. each.) 


being raised or lowered. ‘To put in use, 
the reservoir is turned over towards the 
wheel, or the like, to be moistened, and 
is put into position by an adjustable 
upright fixed to front of base. The 
fluid passes through the wick partly 
by capillary attraction, and partly by 
gravity. 
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No, 22,843 of 1899. W. D. Hamilton, of 
Bearsden, Dumbartonshire, for “ Water Tube 
Boilers.” 


The under part of the boiler shell 
near each end is dished or creased into 
a horizontal, or nearly horizontal, surface, 
and the nipples from the headers are 
connected to the same, the nipples being 
practically in a straight line. The 
headers are formed of a straight shape, 
and preferably of square section, and 
are connected to the steam drum by the 
straight nipples, as described. Bricks 
are placed between the tubes at dis- 
tributed distances apart, for the purpose 
of baffling and staggering the flame. 
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Between each row of tubes in the side 
walls, hinged cleaning doors are fitted 
at an angle to open inwardly, and to 
close automatically when the steam 
cleaning pipe is withdrawn. Hand 
holes are formed in the headers opposite 
each tube for easy access to the latter. 

No. 24,005 of 1899. T. B, Browne and 
F. L. Martineau, both of London,-for “ Steering 
Gear of Auto-cars,” 

The steering wheels are mounted on 
stud axles, with vertical or like pivots, 
and rearwardly projecting steering arms. 
The end of these arms are connected by a 
single cross-bar, the extremities of which 
are jointed thereto. On the middle of 
this cross-bar a third arm is secured in 
such a way that it may be adjusted and 
locked exactly in the centre, or some- 
what out of centre, if the other parts of 
the steering should require it. The 
steering handle is preferably fixed to the 
top of an inclined steering stem mounted 
revolubly in a socket on the body, and 
similarly mounted in a second socket 
to the under frame of the vehicle by 
longitudinal and transverse radius bars, 
so that the motion of the body and 
springs does not materially affect the 
position or movement, rotatively con- 
sidered, of the foot of the steering stem. 
To the said foot of the steering stem 1s 
secured a fourth arm, which is also 
preferably rearwardly directed, and 
connected to the third arm. 

No. 24,036 of 1899. S. H. Baker and W. H. 
Baker, both of Bracknell, Berks, for * Fire- 
bridge for Furnaces,” 

The furnace fire-bridge (which is made 
hollow) is constructed to somewhat 
overhang the furnace, fresh air being 
admitted to the interior of the bridge 
from below the firebars. The air so 
admitted passes into and through the 
overhanging part of the bridge, and 
becoming thereby highly heated, is 
delivered in this condition by valve or 
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shutter controlled apertures in the upper 
part of the bridge, where it meets and 
commingles with the products of com- 
bustion. The delivery apertures are 
located both at the front and back of 
the upper part of the bridge, and also at 
the top of the fire-bridge, and the shutters 
for controlling these apertures are con- 
nected by levers, link and the lke, that 
they may be conveniently operated from 
the front of the furnace. 
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No. 25,114 of 1899. R.J. Melius, of United 
States, for “Apparatus for Elevating and 
Conveying Coal, Grain, and the like,’”’ 


The apparatus consists of a suitable 
guide frame, which is arranged at an 
inclination, and consists of side pieces, 
arranged parallel, and connected at 
intervals by transverse stays. The 
spaces between the stays are fitted with 
doors capable of opening inwards. 
Sprocket wheels are journalled at the 
upper and lower ends of the frame, and 
an endless chain, carrying buckets, 
travels over them. The backs of the 
buckets are hinged at their upper ends 
to open inwardly by the action of gravity, 
when they arrive opposite to one of the 
doors in the frame which has been 
opened, and to be closed by contact with 
the next stay, which it passesas it travels. 
A trough or chute is arranged with one 
of its ends between the chain, and is 
capable of being tilted to catch the con- 
tents of the buckets as they pass one or 
more of the doors which are open. 
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No. 25,234 of 1899. M. J, Oliver, of Bere 
Ferrers, Devon, for *f Automatic Couplers for 
Railway Vehicles,” 


A combination or jointed lnk is 
hinged to the ordinary draw-bar, or to 
a horizontal lever attached to the end 
of the carriage or truck, with spring 
hinges. When the said link is attached 
to the draw-bar, a swivel is also pro- 
vided to the hinder part of the link, 
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through which a cross lever attached 
to the said horizontal lever works. At 
each end of the said horizontal bar 
handles or levers are connected at right 
angles, the said handles working in 
sweeps with stop bolts, to keep the links 
in the required positions. 
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No. 25,612 of 1899. J. Cleland, of Down, 
and J. C, Stewart, of Belfast, for “Steam- 
trap.” 

. The steam-trap consists of an outer 
casing of iron tube, on one end of which 
is screwed a coupling, and on the other 
end a tee. Into the outer end of the 
coupling is screwed a thimble, the outer 
end of which is tapped for joining the 
trap to the steam-pipe, and the inner end 
forms a valve-seat. Into the outer end 
of the tee (which is at the other end of 
the trap) is screwed a brass plug, which 
is bored and tapped to receive a set 
screw having a jamnut. Between the 
inner end of this set screw and the valve- 
seat is placed a piece of brass tube 
having a conical valve fixed on one end, 
the other end resting on the inner end 
of the set screw, by means of which the 
conical valvecan be regulated or adjusted 
to its seats. 
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No. 8,417 of 1900. H, Braby, of Queens- 
land, for ** Steam Generators.” 


One or more generator blocks or plates 
of good heat-conducting material are 
provided, having passages or water-ways 
therein, through which the water is made 
to circulate. One or more of the plates 
may be perforated, through which per- 
forations or holes part of the furnace 
heat is made to pass. The caps which 
return the water-ways and give access 
for cleaning purposes are jointed, prefer- 
ably by means of asbestos rings recessed 
into the plates. A back-pressure valve 
is provided for the water inlet from a 
feed-pump or injector, and preferably 
a back-pressure valve for the steam 
outlet, which may be led to an equalizer 
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or dome, from which a pipe connects to 
an engine or other steam consumer. A 
return water-pipe, provided with a check 
valve, leads from the equalizer to the 
water inlet. The equalizer is so situated 
over the furnace or combustion chamber 
as to receive part of its heat. 
eS 

No. 9,624 of 1900, A. Bever, of Dewsbury, 
Yorks, for “Internal Combustion Engines,” 

An internal combustion engine, in 
which a working cylinder and a partial 
vacuum cylinder connected with a 
vacuum reservoir are placed tandem to 
each other. The working cylinder is 
constructed in such a way that the front 
portion projects sufficiently far into the 
vacuum cylinder that ports may be cut 
through the body of the cylinder, and be 
uncovered by the piston at the front end 
of the stroke. 
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No. 15,161 of 1900. E,R, Royston, a com- 
munication from W, Hoy, of Bristol, for 
* Lubricators.” 


The oil supplied by the lubricator is 
delivered by a ram working in a cylinder, 
and operated by a piston and cylinder 
connected with it; and the motive 
power which moves such piston to and 
fro is a vacuum, preferably that existing 
in the condenser, and created by the 
engine with which it is employed. The 
operating cylinder is alternately put in 
and out of communication with the 
vacuum or condenser, and in and out 
of communication with the atmosphere 
automatically by means of a valve gear 
operating from a moving part, such as 
a connecting rod of the piston of the 
actuating cylinder. The lubricating oil 
is introduced into the ram cylinder 
through an inlet valve, such as a lift 
or non-return valve, and discharged 
from it through a similar valve, such 
valves working in the manner of liquid 
pump valves; and the rate of supply or 
discharge is regulated by means of a 
screw-down plug, or the like, working in 
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connection with a part of the delivery 
conduit for the oil forced by the ram, 
whereby the area of the conduit is 
varied and regulated as desired. Con- 
sequently, as the area is diminished or 
increased by means of this plug or 
regulating device, the rate of action of 
the lubricator and the quantity of oil 
delivered by it, for each unit of time, 
is controlled or governed. 


No. 2,053 of 1900, A, Reichwald, a com- 
munication from the firm of Fried Krupp, 
Essen, Germany, for “ Hydraulic Brakes for 
Ordnance.” 

A hydraulic brake for ordnance, in 
which the throttling of the liquid is 
effected by the aid of openings in the 
walis of the return piston (which piston 
is in the form of a hollow cylinder closed 


at one end), the said openings decreagipg;ii} ' 
in cross section from the closed ends ey 


toward the open end, the said gp aye 
passing over inlet ports for thé ee 
in the walls of the return cylinder, as 
the return piston moves, and reducing 
more or less the cross-sectional area of 
the liquid passages, according to the 
position of the return piston at any 
particular moment. 
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No. 4,564 of 1900, J. Hopkinson, J. Hop- 
kinson & Co, Ltd.. and J. Lowis, all of 
Britannia Works, Huddersfield, for “ Safety 
Valves.” 


A lever is provided having an eye at 
one end, which surrounds the valve 
spindle, or the barrel part of the crutch 
or bonnet or other device attached to 
the upper end of the valve spindle for 
the purpose of turning the same, and 
which lever is furnished with upper and 
lower fulcrum points on each side of the 
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eye, the upper fulcrum points acting 
against the under side of the collar of 
the crutch or other device attached to 
the spindle, and the lower fulcrum points 
resting on the lid or cover of the valve. 
The said upper and lower fulcrum points 
or projections are arranged out of align- 
ment, so that when the lever is operated 
the valve is raised. 

No, 16,634 of 1900, A. R. Mosler, of United 
States, for “Steam Boilers.” 

A boiler for flashing water into steam 
as it is fed to the interior of the boiler, 
consisting of flanged tubular sections ex- 
posed to the products of combustion, and 
provided on their interiors with means 
for laminating the steam, whether a con- 
volute coil, a bundle of graded rods, or 
perforated blocks arranged in staggered 

ordey, and whether the “flanged tube be 
ciréular or straight, and composed of 
of or several parts. The boiler can 


st WelzdioNed bodily from the furnace at 


pleasure. 


No. 16,668 of 1900, C, Landeker and 
F, Albert, of Germany, for “ Driving Pulleys,” 

The single pulley or single steps of 
the pulleys are made in the well-known 
manner, by pressing or drawing from a 
sheet of metal, preferably iron or steel, 
and by which process a round vessel or 
cylinder is produced. Through the 
bottom of the vessel is punched a hole 
or opening, which corresponds to the 
diameter of the next smaller step or 
pulley. The straight flange of the vessel 
is, in diameter, a little larger than the 
inside diameter of the next step or pulley, 
and by forcing this flange against the 
face of the next step or pulley, a perma- 
nent connection of the several steps or 
pulleys with each other is made. 
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THE. FIRST BRITISH-MADE® (DIESEL ’* ENGINE: 


19 B.H.-P. Stroke, 103 in, Diameter of Cylinder, 72 in. Revolutions p, nt., 210, 
Makers: Messrs. Scott & Hodgson, Limited, Guide Bridge, Manchester. 
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Municipal Electrical Engineers. 

One of the most striking features in 
connection with the development of 
municipal electrical undertakings in 
this country has been the constant 
changing about among borough elec- 
trical engineers. Those who 
watched the course of events since, say, 
the early nineties can point to central 
station men who, to-day, are in the fore- 
front of the profession, but who then 
were just sprouting out as resident 
engineers, with their modest £150 or 
£200 per annum. Some of them moved 
from this station to that as openings 
occurred, acquiring new experience, and, 
at the same time, unlike the proverbial 
stone, they gathered considerable moss. 
In a number of cases the official position 
brought with it a certain amount of work 
in the nature of a consulting practice, 
and presumably percentage fees became 
more acceptable than a fixed salary, for 
not a few men have forsaken station 
work to take up expert work in which 
they are not subjected to the officious 
intermeddling of their many masters on 
municipal councils. Far be it from us 
to suggest that this change is an un- 
desirable one; for the ‘man who has 
been trained as an electrical engineer, 
and has had actual experience in the 
operating of lighting or tramway stations, 
seems to be eminently better fitted to 
advise as to the lighting or tramways 
for a new district, than is the man who, 
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having passed through the _ technical 
schools, at once proceeds to dub himself 
‘consulting electrical engineer,’ com- 
peting 4ormojobe Stand “soon.” ‘But; 
notwithstanding the unparalleled elec- 
trical development which is now taking 
place, we must confess that we have 
sometimes thought that the consulting 
element was becoming unduly large, 
particularly bearing in mind the ten- 
dency among municipal authorities to 
allow their resident engineers to super- 
vise the carrying out of their extension 
schemes. There is no lack of first-class 
men for running municipal works; on 
the other hand, when a responsible berth 
is going, there is a remarkable eager- 
ness—witness the case of Manchester, 
where, during the past few weeks, Prof. 
A. B. W. Kennedy has been reorganiz- 
ing the electrical department. Here 
the number of applicants for the position 
of ‘‘chief’’ was 212, the successful one 
being Mr. C. F. Metzger, who has con- 
trolled the City of Bath Electric Light 
Works for some years. The salary was 
£ 800, rising to £1,000, andthe provincial 
towns of lesser importance are bound 
to lose their officials when the larger 
cities are offering these attractive in- 
comes. Another case we may cite is 
that of Mr. J. H. Rider, who has so suc- 
cessfully run the Plymouth Corporation 
electric lighting and tramway combined 
system during the past year or two, and 
is now coming to London as the London 
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County Council’s electric tramway en- 
gineer, at a salary of £1,000. Mr. Rider 
will have vastly more extensive and 
important matters to handle in London, 
but he has had a wide and varied ex- 
perience in English municipal works, 
and has recently visited America to in- 
spect electrical works there; and we 
have no doubt he will be quite equal 
to his new duties. Mr. C. D. Taite is 
leaving Southport works for Salford ; 
Mr. Vesey Brown is leaving Lincoln. 
The changing about of two or three 
leading electrical engineers leads to 
more or less of a shaking up all round 
thecountry. The effect upon the station 
and system generally when these changes 
take place varies according to circum- 
stances. The newcomer may settle 
into the groove of the late engineer with- 
out much difficulty, but this 1s not in- 
variably the case; the new man has 
new ideas on some points, and thinks 
things might be done differently. The 
result may not always be satisfactory, 
but for the present such changes appear 
to be inevitable. 

Export Engineers and Colonial Tele- 

grams. 

It is with great satisfaction that we 
observe that the Government has at 
last seen fit to appoint an inter-depart- 
mental Committee to inquire fully into 
the question of telegraphic communica- 
tion with our Colonies and other de- 
pendencies. The Chambers of Com- 
merce of the United Kingdom, and 
commercial men generally, have long 
recognised the insufficiency of the 
existing service, and with the very able 
assistance of Sir A. Sassoon have driven 
the matter well home, with the result 
that the Government and most of the 
commercial public appreciate the ever- 
increasing necessity for extensive, in- 
expensive, and unrestricted telegraphic 
communication between the Mother 
Country and all parts of the British 
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Empire. Among the Committee’s duties 
will be to consider where, and in what 
manner, the existing lines need supple- 
menting,and also to show how reductions 
in rates per word, if necessary, are to be 
brought about. To the engineers and 
machinery manufacturers of this king- 
dom, who are making great efforts to 
push export business, the matter is one 
of supreme import, and we wish the 
Committee success in its labours. Its 
findings will certainly be awaited with 
great interest. 


A Solar Motor. 


The idea of utilizing the sun’s heat 
for generating steam is an old one, and 
numerous devices for concentrating the 
heat of the sun have been experimented 
with. One of the latest of these was 
recently erected in South Pasadena, 
California, within the enclosure of the 
ostrich farm, where it can be manipulated 
with least bother from persons curiously 
inclined. The contrivance was erected 
by an American firm for a party of 
Boston inventors whose names have not 
been made public. The selection of this 
locality was owing to the favourable 
climatic conditions, there being usually 
but few cloudy days in the year. 

The machine referred to is of simple 
design, and with the aid of the accom- 
panying illustrations* is readily compre- 
hended. It consists of a large umbrella- 
shaped reflector with a tubular-shaped 
boiler in position corresponding to the 
handle of the umbrella (Fig. 1), to 
absorb the reflected heat. The reflector 
is set in the meridian, on two framed 
supports or towers, In a manner to 
balance the entire frame. It rests on 
an equatorial mounting, like a telescope 
(Fig. 2), the axis being due north and 
south, and the machine turning east and 
west in following the sun. ‘The reflector 


* From ‘‘The Railway and Engineering 


Review.’’ 


Engineering Topics, 


_ 


Pe aklobed 


mm 


FIG. I.—SOLAR MOTOR AT SOUTH PASADENA, CALIFORNIA, 


FRONT VIEW. 


is 33 ft. 6 in. in diameter on top, and 
15 ft. on the bottom. It contains 1,788 
mirrors, about 34 in. by 24 in. in size. 
The weight of the reflector is about 
8,300 lbs. 

liesboueris 13 it. 6G:in. in leneth, 
with a capacity for 100 gallons of water 
and 8 cub. ft. additional steam space. 
The boiler is made of fire-box steel, 
covered with an _ absorptive 
material, of which lampblack is 
one of the principal ingredients. 
Steam is conducted from the 
boiler to the engine by flexible 
pipe, connection being made at 
the base of the machine, where 
the movement is confined toa 
very slight circle. 

When it is desired to fire up 
the boiler, in the familiar way 
of expressing it, the reflector is 
swung into focus by turning a 
crank. ‘There is an indicator, 
which shows when a true focus 
is obtained. This done, the 
reflector follows the sun all 
day, the movement being re- 
gulated by a common clock. 
Steam can be raised in about 
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an hour after sunrise, and the opera- 
tion of the boiler is effectual until 
sundown. 

From the boiler the steam is con- 
ducted to an engine close at hand, 
which is geared to a pump for the 
purpose of testing the rate of work 
which the machine is capable of 
doing. According to some ac- 
counts, the all day average work 
performed by the engine is 1,400 
gallons of water lifted 12 ft. per 
minute, which is at the rate of 
4h.-p. The indicated power of the 
engine is not stated. The photo- 
graph from which Fig. 3 was repro- 
duced we can personally vouch for 
asa genuine likeness of the machine, 
but the above data were not ob- 
tained at first hand. 


e 4 . 


Blasting with Liquid Air. 

Oxyliquit is the name under which 
liquid air, absorbed by some suitable 
material, is being used in Germany as a 
blasting agent. During last autumn 
the Prince Regent bridge had suffered 
from the high flood of the Isar, and 


FIG. 2.—_SOLAR MOTOR. 


SIDE VIEW. 
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large bulks of stone and concrete had 
to be blasted. The cartridges were 
made of paper, filled with an oily mass 
and provided with a primer. When 


everything was nearly ready, the liquid’ 


air was brought down to the river in a 
vessel fitted with a vacuum jacket, and 
the cartridges were placed in the liquid 
air. They were soon taken out again, 
fixed in the usual manner, and fired 
by the electric spark or by a Bickford 
fuse. The effect is said to have been 


FIG. 3. —~REPRODUCTION OF ACTUAL PHOTOGRAPH OF SOLAR MOTOR, 


equal to that of dynamite. If a cart- 
ridge missed fireit turned harmless again 
within a quarter of an hour, because the 
oxygen evaporated rapidly. 


od ad ° 


Accumulator Traction. 

During the past year or so electric 
traction by accumulators has been more 
or less extensively tried both on the 
Continent and in America, but, unhap- 
pily, the reports of the practical outcome 
of the application have not reassured 
those who recognize in battery tram- 
ways not only an ideal form. of street 
locomotion, but, as they have assumed, 
one which was on the verge of being 
commercially practicable. Hearing, as 
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one has done, quite recently of the 
abandonment of electric batteries from 
the thirty odd miles of line from Chicago 
to Englewood, of the intention to re- 
move them gradually from the streets 
of Berlin, and other instances similar in 
effect which we might cite, it were but 
natural to assume that the immediate 
prospects for battery trams were any- 
thing but rosy. We might go further, 
and quote also the Birmingham system, 
where, on a short section, batteries have 
been employed with indifferent 
and varying success for the past 
ten years. Last syeareite was 
resolved, for some reason or 
other, to turn off the battery 
cars, and substitute the overhead 
trolley wire principle. This is 
now being done. It is, however, 
extremely interesting to note in 
this connection what Mr. G. A. 
Grindle, M.I.E.E., has tomsay: 
Mr. Grindle, it should be men- 
tioned, through his connection 
with the Chloride Electrical Stor- 
age Syndicate, is in a position to 
know just what has, and has not, 
happened with the Birmingham 
cars running by means of Chloride 
secondary cells. Although ad- 
mitting that the Birmingham battery line 
has been anything but a success, he states 
that this result has been brought about 
owing entirely to the nature of the equip- 
ment and the capacity of the line. Up to 
the year 1894, with other batteries doing 
service, the losses were said to be due to 
the cost of the up-keep of the cells; but 
since that date no data of running costs 
have been forthcoming. Yet it is a fact 
that batteries have been supplied, and 
car miles run to the extent of over 
1,100,000 miles, and the result, we are 
told, has been ‘‘ highly satisfactory from 
the accumulator view of cost.” 

As matters now stand there is no 
battery line, pure and simple, in opera- 
tion in England. It appears that a 
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great effort is being made to prove its 
capabilities on Thirty-fourth Street, 
New York, and every one interested 
in electric traction developments will 
be interested in the attempt, and what 
follows it. 


Conduit Tramways. 


Unless the most unexpected happens, 
the London County Council will very 
soon be proceeding with the construction 
of underground conduit tramways. As 
has been already intimated in these 
columns, the Council has a short experi- 
mental line on the Westinghouse prin- 
ciple operating at its Camberwell depot, 
and at the same place there has recently 
been inspected a short length of track 
devised by Professor Kennedy expressly 
for its application to London streets. 
We are not aware what will be the 
decision of the municipal mind as to the 
relative merits of the two systems, nor 
do we know what special qualifications 
such elect representatives possess for 
weighing them in the balance. Pre- 
sumably a short length of actual street 
line will be equipped on one of the prin- 
ciples, and perhaps on both ; but we have 
our fears that the Council will continue 
to experiment further before it takes the 
great plunge necessary to give Londoners 
the so necessary electric service. In 
view of the great interest attaching to 
the problem, the paper read before the 
mechanical engineers by Mr. A. N. 
Connett on ‘Combined Trolleyand Con- 
duit Tramway Systems”’ comes at a very 
opportune moment. The author recom- 
mends the open slot conduit for con- 
gested thoroughfares, with the overhead 
trolley for outer streets. The problem 
of adapting the plough and track me- 
chanism to change from the overhead 
line to the conduit system, or vice versé, 
has been satisfactorily and carefully 
worked out on several different prin- 
ciples on the Continent. Mr. Connett’s 
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opinion is that for the particular char- 
acter of tramway work in this country, 
Continental systems contain more of 
practical interest to English engineers 
and local authorities than do American. 
With the side slot the principal trouble 
arises with the switch at the junction of 
two slots; but this difficulty is stated to 
have been overcome by a special con- 
struction, which was described in the 
course of Mr. Connett’s paper. The 
illustrations and notes regarding several 
special pieces of side slot conduit work 
now operating in Paris are worthy of 
careful study. 


2 ad * 


Power Supply. 


The necessity for a cheap and plenti- 
ful supply of electrical energy is very 
pressing in our great manufacturing 
districts. The evidence which was given 
before the Select Parliamentary Com- 
mittee last year by some of our most 
eminent engineers and manufacturers 
must have opened the eyes of many 
to the enormous advantages which 
would be conferred upon many of our 
national industries if only the schemes 
which were proposed were allowed to 
be carried out. We are informed in 
unmistakable terms, and facts and 
figures are at hand to support the view, 
that if we make proper use of this 
weapon it will stand us in better stead 
than perhaps anything else in meeting 
foreign competition. The Institution 
of Electrical Engineers has done well 
to devote one of its sittings to a general 
consideration of the Electric Power 
Bills of last session. Mr. W. L. Madgen, 
who is actively interested in one or more 
of the schemes, introduced the discussion, 
and urged upon members of the Institu- 
tion the necessity that exists for it to 
present a bold front to everything in 
the nature of unreasonable restrictive 
legislation which may be placed in the 
way of these very necessary means of 
electrical power development. 


Igo 


Largest Electrical Undertaking in the 
World. 

The conversion of the New York 
Elevated Railway from steam to electric 
power will, it is expected, be completed 
by June next. The magnitude of the 
undertaking may be guessed from the 
fact that the system will be the largest 
of any yet attempted in any country. 
On two consecutive days of last year 
the railway carried 1,700,000 passengers, 
and during the heaviest period of traffic 
280 trains, or 1,280 cars, were run per 


FIG, I.—INTERIOR OF A CHURCH CAR ON THE 
GREAT SIBERIAN RAILWAY. 


hour, the total for the 24 hours being 
4,820 trains, making 43,850 train miles, 
and 2,189 cars, making 191,390 car 
miles. The record traffic figure for the 
system for 24 hours was reached in 
1892, when 1,075,000 passengers were 
carried in one day. The system 
adopted comprises eight 8,o00 h.-p. 
three-phase Westinghouse generators 
in a single power station, delivering 
power at 11,000 volts through three 
conductor cables, to step-down trans- 
formers located in seven sub-stations. 
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These sub-stations are in convenient 
proximity to the railway lines, and 
contain 1,500 KW. Westinghouse 
rotary converters receiving current 
from the step-down transformers at 
390 volts, and delivering continuous 
current through single conductor cable 
to the third rail at 625 volts. 


° + ° 


The Great Siberian Railway. 


In making the vast outlay of several 
hundred million roubles for the con- 
struction of the Great Siberian Railway, 
the Russian Government did not expect 
in the near future to get a strictly com- 
mercial return. Its profit was based 
on numerous elements of increase in 
the national economy, conjectural and 
incapable of arithmetical calculation, 
connected with the commercial and 
industrial development of the country. 
The railway has, however, already 
exercised such a mighty influence on 
the growth of economic life in Siberia, 
that its commercial success far exceeds 
the most extravagant expectations. 

Upon the opening of provisional traffic 
on the West Siberian Railway in 1895, 
and of regular traffic in October, 1896, 
the means at its disposal were far from 
sufficing for the transport and convey- 
ance of the passengers and goods which 
presented themselves. In order to 
obviate this difficulty, 31 sidings were 
added in 1896—1898 to facilitate the 
trafic, while the rolling stock was 
increased by 30 locomotives and 600 
carriages. However, during the winter 
of 1899, 7,000 waggons, carrying over 
5,000,000 puds of goods, blocked the 
line. 

The following figures illustrate the 
increase of passenger and _ goods 
traffic :— 

The West Siberian Railway conveyed 
in 1896, 160,000 passengers, 169,000 
emigrants, and 10,500,000 puds_ of 
various goods; in 1897, 236,000 passen- 
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FIG. 2.—BRIDGE OVER THE ISHIM, TYPICAL OF THE BRIDGEWORK ON THE GREAT SIBERIAN RAILWAY. 


gers, 78,000 emigrants, and 21,190,000 
puds of goods; in 1898, 379,000 passen- 
gers, 195,000 emigrants, and 30,000,000 
puds of goods. 

The Mid-Siberian Railway conveyed 
in 1897, 177,000 passengers and 
53393,000 puds of goods; in 1808, 
476,000 passengers and 11,000,000 puds 
of goods. 

On the West Siberian Railway, which 
was first opened, the passenger traffic 
increased by 50 per cent., and the goods 
traffic by still more. 


Further progress in the development 
of the traffic of the Great Siberian 
Railway is certain, especially upon the 
junction of the main line with the port 
on the Pacific Ocean, when there will 
be continuous railway communication 
between Europe and the East of Asia, 
and there will be created the safest, 
quickest, cheapest, and most convenient 
route. Brought into connection with 
the network of European railways, and 
running through the Russian empire, 
this railway mostly traverses cultivated 


FIG, 3.—THE GREAT SIBERIAN RAILWAY A TYPICAL STATION. 
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and productive countries, uniting their 
commercial centres, and offering new 
outlets and prospects for Russian and 
international intercourse and trade. 

At the present time, Europe com- 
munica es with Asia, vid the Suez Canal, 
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Conveyance by the Siberian Railway, 
therefore, will be over twice as quick 
and two and a half times cheaper than 
by either of the steamship lines, and 
by increasing the speed up to that 
adopted in Europe, the journey from 


FIG. 4.—GOLD-MINING IN SIBERIA. 


by means of four great steamship com- 
panies: the Peninsular and Oriental, 
the Messageries Maritimes, and the 
German and Austrian Lloyds and the 
lesser companies; the Russian Steam- 
ship and Trading Company, and the 
Volunteer Fleet. They all work well, 
but do not suffice to meet the demand 
for transport. 

The journey from London to Shanghai 
by this railway includes three days from 
London to Moscow, ten days from 
Moscow to Vladivostok, three days from 
Vladivostok to Shanghai, or a total of 
sixteen days. 


London to Shanghai will be reduced 
to ten days. 

A magnificent work* has just been 
issued in the English language on this 
railway, and the figures given herein 
are taken from it. This volume is of 
absorbing interest, and besides dealing 
with the plan and construction of the 
railway proper, describes and illustrates 
the country and peoples through which 
it passes. 


* “Guide to the Great Siberian Raiiway.” London: 
P. S. King & Son. Price 13s. Several hundred illustra- 
tions. 


a 


THE WATER-TUBE BOILER PROBLEM. 


IS THE COMMITTEE QUALIFIED ?—ITS INTERIM REPORT. 


——_+-——__--- 


HE nation has followed with the 
of keenest interest the development 
of the water-tube boiler question, 
and there is no doubt that the interim 
report just issued by the Committee will 
give some Satisfaction, insomuch as it 
condemns the Belleville boiler. Here 
are the questions put to the Committee 
by the Lords Commissioners of the 
Admiralty, and the replies thereto :— 

(1.) With the experience and informa- 
tion which have already been obtained, 
can it be stated whether water-tube 
boilers are considered by the Committee 
to be more suitable than cylindrical 
boilers for naval purposes ? 

(1.) The Committee are of opinion 
that the advantages of water-tube 
boilers for naval purposes are so great, 
chiefly from the military point of view, 
that, provided a satisfactory type of 
water-tube boiler be adopted, it would 
be more suitable for use in His 
Majesty’s Navy than the cylindrical 
type of boiler. 

(2.) Should the answer to the above 
question be in the affirmative, do the 
Committee consider that the Belleville 
boiler has such an advantage over other 
types of water-tube boilers as to lead 
them to recommend it as that best 
adapted to the requirement of His 
Majesty’s Navy? 

(2.) The Committee do not consider 
that the Belleville boiler has any such 
advantage over other types of water- 
tube boilers as to lead them to recom- 
mend it as the best adapted to the 
requirements of His Majesty’s Navy. 


(3-) Generally, having regard to the 
importance of deciding on the types of 
boilers to be provided for vessels which 
are ordered in the immediate future, are 
the Committee prepared at present to 
make any recommendation, or to offer 
any suggestions on the extent to which 
any particular type or types of boilers 
should be fitted in new vessels ? 

(3.) The Committee recommend : 

(a) As regards ships which are 
to be ordered in the future :—That 
Belleville boilers be not fitted in any 
case. 

(>) As regards ships_ recently 
ordered, for which the work done on 
the boilers is not too far advanced :-— 
That Belleville boilers be not fitted. 

(c) As regards. ships under con- 
struction, for which the work is so 
far advanced that any alteration of 
type of boiler would delay the com- 
pletion of the ships :—That Belleville 
boilers be retained. 

(d) As regards completed ships: 
That Belleville boilers be retained as 
fitted. 

The report further states that the 
Committee have had under consideration 
the Babcock and Willcox, Niclausse, 
Dirr, and Yarrow boilers, and recom- 
mends that if a water-tube boiler is to be 
decided upon at once for use in the Navy, 
some or all of these types should be taken, 
with a view to experiments being carried 
out with them. 

The reasons why the Belleville is 
condemned are given; but it would be 
superfluous to repeat them here, as the 
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objections to this type of boiler have 
already been made plain in the numerous 
articles which have appeared in the 
press for several years past. 

It should be mentioned here, however, 
that one member of the Committee, Mr. 
J. A. Smith, Inspector of Machinery, 
R.N., does not wholly concur with his 
colleagues regarding the Belleville, but 
he is of opinion that, pending the issue 
of the final report of the Committee, 
this boiler should not be included in 
future designs of war vessels. 

It was, of course, a foregone conclusion 
that the Belleville boiler would be dis- 
carded; there was positively no other 
course open to the Committee. But the 
most important finding in the report is, 
‘That, provided a satisfactory type of 
water-tube boiler be adopted, it would be 
more suitable for use in His Mayjesty’s 
Navy than the cylindrical type of boiler.”’ 

The adoption of water-tube boilers in 
war vessels is a natural step in the 
Watertube advance towards a _per- 
Boilers are fect naval fighting machine. 
a Necessity. There are but few of those 
who have any expert acquaintance with 
the subject who are not agreed on this 
matter. Draught of water and speed 
are elements even more egsential to the 
success of these vessels than is strength 
to withstand projectiles, and conse- 
quently any saving in weight or space 
which is connected with efficiency and 
with the rapid command of great steam 
power, is of the utmost importance 
in war vessels. Sir A. J. Durston has 
made it plain from his results of recent 
trials of the machinery of warships that 
the zucrease of steam pressure to 250 and 
300 lb. per square inch has had a great 
influence on economy of weight and 
space in vessels of the British Navy, and 
such pressures could not be carried with 
security to the vessels by boilers of 
any tank design. In addition to this, 
rapidity in generating steam is, of itself, 
even in the absence of other advantages, 
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sufficiently important to justify the 
selection of the water-tube design, which 
possesses this qualification as against 
the older type (as regards the Navy) of 
tank or drum boilers which does not. 

This being the state of affairs, the 
vital question which the Committee now 
has to consider is, which water-tube 
boiler is the best, or how can they be 
compared and have their relative values 
estimated ? 

In ‘an article by the writer which 
appeared in THE ENGINEERING TIMES 

(ee ee weeks ago criticising 
Committee the constitution of the Com- 
Qualified? mittee, the statements were 
made that :— 

(1.) With the exception of the naval 
engineer member, not one member has 
had any practical experience either of 
working or of making water-tube boilers 
of any design. 

(2.) All the members, excepting the 
naval men, have duties which demand 
their first and close attention, and which 
they cannot afford to sacrifice in favour 
of this appointment. 

These statements remain unrefuted, 
and yet, it is believed, no steps are being 
taken to add to the Committee a few 
men of sound practical experience, and 
men who are not already occupying 
official positions which would interfere 
with the duties of such an appointment. 
Some contemporaries, in discussing the 
article referred to, and defending the 
constitution of the Committee, go so far 
as to assert that practical experience 1s not 
a necessary qualification for a member, and 
that the truth can be got at without it. 

In the popular view, all boilers are 
pretty much alike because they are 
called “ boilers,’”’ and consequently many 
people think that any engineer who has 
made one boiler can judge the merits 
of any design. There could not be a 
greater mistake. 

The boilers formerly in use in the 
Navy were merely huge kettles, depend- 
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ing on the thickness of their steel plates 
for strength to resist pressure, and 
containing a very large volume of steam 
ready to escape and of water ready to 
burst violently into steam the moment 
any damage was caused to a boiler shell, 
and in which for many reasons the 
circulation of water was defective, the 
formation of steam was slow, and the 
waste of heat considerable. The water- 
tube boiler is in no proper sense a 
kettle : it is (or should be, for we know 
there are good and bad designs) a 
scientific steam-generating apparatus, 
depending for its strength on small 
diameters, and consequently using thin 
metal for pressures two or three times 
(or even ten times) greater than the 
cylindrical boiler could stand; and, on 
account of the comparatively small 
quantity of water which it contains and 
its larger heating surface, requiring the 
utmost skill in directing and aiding the 
rapid movement of both the water and 
the heating gases. The thinness of the 
metal forming it also demands every 
condition favourable to preservation. It 
is at once apparent that the old practice, 
as well as the old designs, cannot apply 
to this new state of matters. Of old,a 
boiler was filled up with water, coal was 
shovelled into the furnaces, and the 
water and hot gases were left to do very 
much as they pleased so long as the 
steam collected in the upper part of the 
boiler and the smoke went up the 
chimney. That happy-go-lucky way 
will not answer now, and a water-tube 
boiler to be successful must in its 
construction and method of working 
adhere to rigid principles of physical 
science, its success being commensurate 
with the degree in which these are 
practised, just as they form the criterion 
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by which it must be tested and judged. 
The construction and working of 
cylindrical boilers is therefore no 
adequate preparation for the investiga- 
tion of the water-tube boiler question, 
and it is precisely this fact which makes 
the objection to the limited character of 
Mr. Goschen’s Boiler Committee a fatal 
one for that Committee. How are men, 
lacking experience in the working and 
building of water-tube boilers for marine 
purposes, to tell us which is the most 
suitable boiler for our Navy? 

Not one word can be said against the 
excellence, in their own spheres of 
action, of those who were originally 
appointed ; but it is evident that as so 
constituted the Committee lacks the 
element of expert knowledge which it 
undoubtedly ought to possess, if its 
opinions on the future water-tube boiler 
for our Navy are to be of any real 
value. 

Mr. Goschen’s idea may have been 
that, by excluding all engineers who 
What was Te in any way associated 

Mr. with water-tube boilers, the 
Goschen’s Committee would avoid in- 

Idea? = uence in favour of any 
special design, and would be able to give 
an unbiassed judgment on all designs. 
But, if so, he only showed therein the 
ordinary layman’s erroneous view which 
confounds all apparatus to which the 
name ‘‘ boiler’ is applied. 

It is to be hoped that Lord Selborne 
will see that this is not a satisfactory 
foundation for such a body, or lkely 
to give its opinion a passport to the 
respect of the intelligent section of the 
public, and that the existing defects in 
the constitution of this Committee will 
be soon remedied by the addition of a 
few men of sound practical experience. 


(PHES PE VACH@ hag > Glia 


IN EDUCATION.* 


By Dr. HENRY T. BOVEY, Pres, Canadian Society of Civil Engineers, 


NGINEERING is a term which 
TS has been chosen for its general 
usefulness, and has been applied 

to so many things that it is difficult to 
seize its essential characteristic. It so 
happens that certain investigations into 
the chemical and physical properties of 
matter, into the dynamics of steam, 
electricity, etc., have been made by 
the engineer rather than by the physicist 
and the chemist because these inves- 
tigations have been required by the 
practical work of the engineer, and 
because they have sometimes to be 
carried out on a scale inconsistent 
with the more delicate experiments 
which are the chief occupation of a 
physical laboratory. So it has come to 
pass, as a matter of convenience mainly, 
that engineering, besides being a pro- 
fession, has been made directly respon- 
sible for certain scientific work, and 
may in this light be looked upon as in 
itself a science. Further, perhaps, as 
its proper training seems to involve a 
considerable acquaintance with mathe- 
matics, as well as with one or more of 
the natural sciences, of which I have 
spoken, the study of engineering in 
general may be considered as synony- 
mous with the study of a particular 
combination of sciences, joined together 
with a view to a direct practical result. 
A special application of this statement 
will be spoken of later, but in the mean- 
time it will be sufficient for our purpose 
to recognise that engineering, so far as 
it affects education, is to be grouped 
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with the sciences, and that what may 
be said of them may be said of engi- 
neering. It has certainly been the 
needs of my own profession which have 
caused me to give so much attention to 
the effect of a scientific training upon 
the minds of young men, and to the best 
methods of securing its advantages. 

So much has already been said and 
written on this subject that it seems at 
first as if all must have been said that 
could be said. Until, however, we have 
exhausted the records of experience, and 
until we have been able to map out the 
human mind—scientifically, of course— 
there will still be much to learn on this 
as on every other educational subject, 
and if I am able to contribute nothing 
new, one never knows when a new 
idea may be struck out from the dis- 
cussion of old ones,'as a spark from the 
rubbing together of cold flints. 

I may say at the outset that I am no 
advocate of an exclusively scientific 
training. Boys of thirteen and four- 
teen—and their parents—are often 
obliged to choose between what are 
called the scientific and classical sides 
in a school. This I believe to be a 
distinct evil, though it is sometimes a 
necessary evil. The general or all- 
round education of the boy should be 
continued as long as possible, and it 
should still be open to him on entering 
the university to choose either a literary 
or a scientific career, These conclusions 
I consider to be based upon the mental 
constitution of all ordinary boys; I do 
not here speak of the genius. How can 
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a schoolboy have a sufficient knowledge 
of himself or the world to recognize his 
true relation to his environment, and 
few parents, indeed, can so discern the 
fruit in the bud as to be able to decide 
what specialized course of training would 
be best suited to their sons. In every 
_boy’s life there comes a time—sometimes 
late and sometimes early—when he 
naturally reaches out into the future 
and considers, with more or less serious- 
ness, according to his temperament, his 
relation to the world. ‘Then, and not 
till then, can much value be attached to 
his instinctive leaning to one path or 
another. The choice once made should 
be persevered in; there should be no 
turning back when the hand has been 
put to the plough. 

Nor need it be imagined that young 
men are losing time when not directly 
preparing for some special sphere, for, 
in the opinion of many educators, the 
best training for a special sphere is that 
which will give the mind the largest 
grasp of which it is capable. What 
part science should play in this is the 
question I would, with your permission, 
more particularly discuss. 

It may be interesting to notice some 
recent definitions of the term ‘“‘ science.” 
In the first place, science should be 
distinguished from knowledge. Quoting 
from the words of a well-known writer, 
«‘ Knowledge of literature, of the beauti- 
ful things which have been written or 
otherwise produced by human ingenuity, 
is not science. Knowledge of the various 
manufacturing processes in use by civi- 
lized men is not science ; nor knowledge 
of the names of the stars, or of the joints 
of a beetle’s leg. Science cannot be 
identified with knowledge of any par- 
ticular class of objects, however detailed 
that knowledge may be. It is a com- 
mon mistake to consider all knowledge 
of raw products, of living objects, or 
other natural objects, as necessarily 


‘science.’ The truth is, that a man 
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may have great knowledge of these 
things as so many facts, and yet be 
devoid of ‘science.’ The mere know- 
ledge, then, of any fact is not science. 
Science, again, is not to be confounded 
with invention—or its applications. It 
is of the utmost importance for the pro- 
gress and well-being of science that this 
should be understood; that the eager, 
practical spirit of the inventor who gains 
large pecuniary rewards by the sale of 
his inventions should not be confounded 
with what is totally different and remote 
from it, namely, the devoted, searching 
spirit of science, which, heedless of 
pecuniary rewards, ever faces nature 
with a single purpose—to ascertain the 
causes of things.” 

Science, then, seems to be applied 
properly to our knowledge of the facts 
of the world in their relation to one 
another; above all, in their relation to 
cause and effect. An isolated fact even 
about nature may be called knowledge, 
but cannot be rightly called science 
until we have fitted it to some other 
fact,—until we have done something 
towards recognizing its place in the 
great order of the universe. 


‘“That orbed maiden, with white fire laden, 
Whom mortals call the moon,”’ 


is poetry, but when we ask the source 
of the ‘“‘ white fire,’ and trace it to the 
luminous corona of the sun, or when we 
ask how it reaches our senses, and how it 
excites the nerve of sight, we have left 
poetry—we have entered the territory 
Ol. Sciences 

Now, what does this science do for us 
that should give it the right to enter as it 
is doing the domain of education? We 
may say, perhaps, putting the answer in 
its most general form, science makes us 
understand our material environment, 
which, if not our highest environment, is 
the absolutely essential medium through 
which our highest is known. It sets 
open for us doors on all sides. We can 
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peer into the rifts of the rocks, and see, 
with Ruskin, how the quartz has been 
interlacing them with crystal threads ; 
we can follow the flight of the winged 
seeds of the plants, can tell how these 
spread their rootlets in darkness and yet 
reach ever up to the light; we can trace 
out the family-trees of the birds and 
beasts; can turn our microscope on a 
drop of water and see into a world full 
of its own forms of life; can trace out 
our path among the stars, or our cease- 
less journey into and out of the sunlight. 


‘‘ World of my life, 
Swing thee round thy sunny track, 
Fire and wind and water and strife, 
Carry them all to the glory back.”’ 


Through most of these doors we can 
take but a glance, but it is one of those 
potential glances which do not leave us 
where we were before. 


‘“Conceive, then, earth’s resources! Vast 
Exhaustless beauty, endless change of 
wonder !”’ 


- Our nature follows a law, like that of 
the diffusion of gases. Open the door, 
and forth it will pass to take possession 
of the new realm of knowledge. 

If science gives us a knowledge of the 
world we live in, the sczentific method goes 
far to settle the other half of the problem 
of our physical life, and by training our 
faculties, mental and moral, to fit us for 
that world. 

It is no small compliment to science 
that in almost every study we hear of 
the application to that study of the 
scientific method. Great thinkers have 
written of the science of history, of the 
science of grammar, of the science of 
language. What does thismean? What 
is this process which is considered so 
desirable ? 

The scientific method proceeds by way 
of observation, analysis, classification, 
generalization, deduction and experi- 
ment, names in some cases common to 
the processes and to the faculties by 
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which they are carried out, as when we 
speak of a man’s observations, and say, 
in the same breath, that he is a man of 
keen observation. This rather confus- 
ing language hints at the fact of the 
living relationship which exists between 
the two, so that no observation can be 
made without presupposing a faculty for 
it, and no faculty can be cultivated in 
any other manner than by using it. The 
importance of the faculties referred to 
can hardly be over-estimated, and is 
being steadily more and more recognized 
on all sides. In the present war we have 
a moégt striking example of this. Has 
not each writer, in his own way, tried to 
impress us with the absolute necessity 
of using every sense and every faculty in 
war? What is General Baden Powell’s 
“Aids to Scouting”? but a plea that 
special attention should be given, either 
by oneself or others, to the cultivation of 
those powers which necessity has often 
called out in the uneducated ? 

Of the keenness of observation shown 
by Indians we have hundreds of stories. 
I may instance two which have been 
told to myself. The late Dr. Beers, who 
gave so much thought to the welfare of 
the Indians, told me of one who came 
into his office and there saw an engrav- 
ing which struck his fancy. He looked 
at it for a few minutes, then went away, 
and a few weeks afterwards sent back a 
painted reproduction, which bore a very 
remarkable resemblance to the original. 

Again, a friend of mine, having occa- 
sion to pass two or three times along a 
road of perhaps several miles in length, 
through a forest, made a cache on the 
way, to prevent the necessity of carrying 
so much baggage. On the return journey 
the Indian guide stopped on the mono- 
tonous road, took a few steps to one side 
and drew out the hidden store, although 
a snow-storm in the meanwhile had 
completely obliterated every mark by 
which the place might have been known, 
to the ordinary observer. Could our 
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Senior Classics or our Senior Wranglers 
rival this performance? I fear not yet, 
but this power of observation is the first 
lesson scientific education is: trying to 
teach, and with no small amount of 
SUCCESS. 

The way in which our vaunted know- 
ledge, combined with what appears to 
him ridiculous ignorance of our surround- 
ings, strikes the savage, is amusingly 
illustrated in the opinions held by certain 
Indians of the North-West. Reasoning 
from the helplessness of the amateur 
hunter and ordinary traveller in dis- 
tinguishing the natural signs and sounds 
in the woods, they designate the white 
man as ‘‘ the foolish man.” Being asked 
by the missionaries why they do not go 
to church, they answer, ‘‘ We have been 
there, and have heard what you have to 
tell us, therefore we know it, and do not 
need to come and hear it a second time. 
The white man has to be told the same 
thing so often that he must always have 
his book tied to him.” 

Count Rumford points out how much 
the cause of science in general is likely 
to profit by the continual use of the 
seeing power which is the first process 
of the scientific method. He says :— 
<¢T am persuaded that a habit of keeping 
the eyes open to everything that is going 
on in the ordinary course of the business 
of life has oftener led, as it were by 
accident, or by the playful excursions 
of the imagination put into action by 
contemplating the most common appear- 
ances, to useful doubts, and sensible 
schemes for investigation and improve- 
ment, than all the more intense medi- 
tations of philosophers, in the hours 
expressly set apart for study.” 

He himself hit on the true explanation 
of what becomes of work spent in friction, 
when superintending the boring of cannon 
in the Arsenal workshops at Munich. 

No doubt to achieve such a result as 
this, observations must be of a special 
character. They should be minute, like 
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those of Hunter, in his study of the 
deer’s horns; they should be accurate, 
like those which led Adamsand Leverrier 
to the simultaneous discovery of Nep- 
tune, and, above all, they should be 
selective—z.e., if we are following up a 
special point, we should be trained to 
fasten, as it were, on the fact which 
throws light on the question at issue, 
remembering that it is not always, or 
even usually, the prominent feature 
which will put us on the track of a dis- 
covery of true connections, but more 
often some small point, which the 
ordinary person passes by unheeded. 

On one occasion, the Doctor, from 
whom Sherlock Holmes’ picture was 
drawn, commiserated acomplete stranger 
on having taken such a long walk that 
morning, and, seeing his look of surprise, 
explained in a matter-of-fact tone that 
there was no place within five miles 
where he could have got that splash of 
red mud upon his boot. The simplicity 
of the explanation when we know it does 
not make it the less remarkable. 

And so with the other processes of 
the scientific method. Take analysis— 
which has sometimes to accompany 
observation. Its importance is seen 
when we reflect that objects in nature 
do not appear to us, as a rule, classified 
and docketed as they do in text-books ; 
in fact, the study of nature is oftener 
like reading a text-book backwards. 
‘You study Nature in the house, and 
when you go out of doors you cannot 
find hem. 

Without classification, again, we can- 
not be truly scientific, keeping to the 
definition that we have chosen for 
science, for it is by this process that we 
fit observed facts into their proper place 
as it were, gathering up the new with 
the old into a larger synthesis. 

Further, the necessity of carrying 
out of experiments has produced in 
many men a remarkable development 
of resourcefulness. 
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Wollaston, who was the first to 
demonstrate the identity of Galvanism 
and Electricity, when asked by a dis- 
tinguished foreigner to show him his 
laboratory, immediately brought out a 
small tray containing a few glass tubes 
and a blowpipe. Elaborate apparatus 
were needless to him, as to most geniuses. 

Naismith, too, was a fine example of 
resourcefulness, though, perhaps, he did 
not get his faculty from his scientific 
training, but came by it naturally, as it 
is related of his father, that, once being 
anxious to go to the Ranelagh, at which 
striped stockings were considered an 
essential, he himself washed his only 
pair, and set them in front of the fire to 
dry. The story goes on to say, that 
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finding, when the time had arrived, that 
his stockings were reduced to a cinder, 
he repaired the damage, nothing daunted, 
and that his stockings were the envy of 
the room,—he had painted his legs. 

What incessant call there is in all this 
for eager attention, concentration of 
mind, clearness of judgment, etc.! In- 
deed, in working out this scientific 
method, which I have tried to put before 
you,—this process of observation, analy- 
sis, Comparison, judgment, synthesis, 
deduction, experiment,—we shall find 
that nearly all the mental faculties, and 
not a few moral qualities, are brought 
into play. 


(To be continued.) 


SOME ANCIENT AND MODERN TRACTION ENGINES. 


By W. FLETCHER, M.I.Mech.E., 


Author of ‘Steam Locomotion on Common Roads,” etc. 


LVL RODUGLORE 


HE early history of traction en- 
gines has been little more than 

a recital of~failures. If ‘the 

trial trips of some of the early speci- 
mens were written they would be very 


: 


turning a sharp corner in the streets of 
Paris, for which untoward offence the 
engine and its maker were at once 
locked up in prison to prevent them 
from doing further mischief. Since 


FIG. I.— LONGSTAFF AND PULLAN’S ROAD LOCOMOTIVE. 


amusing. The first road engine ever 
made sadly misbehaved itself by knock- 
ing down a wall that happened to be in 
its way, and soon afterwards the same 
engine fell on its side with a crash while 


Cugnot’s little top-heavy pioneer tum- 
bled over, many others have evinced 
a desire to follow its example. 

It is quite true that many inventors 
during all the periods of the traction 
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engine’s history have patented and con- 
structed all sorts of abominable abortions 
in the way of steam locomotives for 
common roads. Dozens of these im- 
possible schemes have never seen the 
light, others have been made for a very 
brief day and a sudden termination. 
The twentieth century patent journal 
unmistakably shows that even now 
“Fools rush in where angels fear to 
tread.” 

Few firms have introduced their first 
traction engine without some mishap. 
In some cases failure after failure has 
occurred previous to the perfecting of 
their number one; gratifying results were 
reported during the trial, but, curiously, 
no second engine was ever built on the 
same lines. The first traction engines 
made by two or three firms were never 
delivered to customers. One at least 
never emerged from the factory. The 
earliest performance on the road took 
place in a dark corner of the yard, and 
was of too novel a character to admit 
of a repetition. Consequently, those 
_ few persons who viewed the excentric 
gyrations of the number one may con- 
sider themselves favoured, seeing that 
as soon as the performance was con- 
cluded, the engine was consigned toa 
dark corner of the shop and forgotten, 
or the boiler was stripped and some of 
the parts were utilised for other purposes. 
The shop engines of two firms were 
supplied with steam generated by trac- 
tion engine boilers, which were never 
allowed to leave the maker’s hands. 

An early traction engine, which re- 
joiced in the name of ‘“ The Little 
Hero,” went for its first quiet walk, when 
some vital detail gave way causing a 
complete breakdown. After various un- 
successful attempts at rough repairs on 
the spot had been made, the engine was 
dragged home by a team of horses. 
Some days afterwards it was sent on 
a second trial, when serious results 
developed from a totally unexpected 
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quarter, causing the engine’s partial 
disablement. It was steamed home 
with difficulty. In its next outing it 
proved itself well adapted for digging 
holes inthe road. It rapidly excavated 
a couple of holes, and was about to 
rest itself comfortably in them, when 
further boring operations were uncere- 
moniously stopped. All frantic at- 
tempts, however, failed to avert the 
latest catastrophe ; the engine mined a 
gap in the earth and half buried itself. 
It was now all but left in hopeless dis- 
gust. Two or three festive days were 
spent by a gang of men with screw-jacks, 
planks, spuds, and other interesting 
appliances, when the “Hero” was 
raised to a dignified position once 
more. But the engine’s character was 
so damaged by these disgraceful pro- 
ceedings, that the ‘‘ Hero” was returned 
to the works, from 
emerged. 


which it never 
We could give a list of 
festive experiences and some mournful 
days spent in trying the early traction 
engines of many firms in various parts 
of the country, but we must now illus- 
trate sone of the engines themselves, and, 
judging by the grotesque appearance 
of the ancient ones, we need not wonder 
at their ungainly performances at work. 


HISTORICAL EXAMPLES, 


In the small amount of space placed 
at our disposal, we can only glance at 
some of the early types of engines, but 
we hope to pay more attention to the 
latest and best traction engines of the 
day. Sixty years ago, Nathan Gough, 
of Salford, made a road locomotive for 
drawing heavy loads at a moderate 
speed, and this traction engine, made 
as far back as 1830, was the prototype 
of the thousands of engines which have 
followed. No particulars appear to 
have been preserved of Gough’s engines, 
but a few persons now living remember 
to have seen one of them on the roads 
near Manchester. : 
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| FIG. 2.—TAYLOR’S ‘“‘STEAM ELEPHANT.” FIG. 3.—RICHARDSON AND DARLEY’S | 
LOCOMOTIVE. 


FIG 4.—BRIGGS' ENGINE. 


FIG. 7.—COULSON AND WEAR’S AGRICULTURAL 
LOCOMOTIVE ENGINE 


FIG €.—TAPLIN & CO. S TRACTION ENGINE 


EARLY Tyres oF Jtoap LOCOMCTIVES. 
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In 1858, Messrs. Longstaff and Pullan 
made a road locomotive which attracted 
considerable attention ; it is shown by 
ig eere 

This traction engine possessed one 
or two important features which should 


FIG. 8.—TUXFORD AND SONS’ ROAD LOCOMOTIVE. 


be named in passing. The whole of 
the bearings for the shafts and axle 
were carried at the fire-box end by 
two strong side plates, very much in 
the same manner that is now adopted, 
but these side plates were also hung on 
springs. In one arrangement the axle 
and shafts were all in one vertical line. 
The second feature about this engine of 
1859 is that a considerable portion of 
the spur gearing was placed between 
the horn plates inside the bearings. On 
a model of this engine which has been 
exhibited in the Patent Office Museum 
since 1862, the fast and slow pinions 
were keyed to the crankshaft, and the 
double spur wheels on the countershaft 
were made to slide into gear in the 
same manner as is now the common 
practice. In another engine designed 
by Longstaff and Pullan, the two pinions 
for giving the different speeds were 
keyed at opposite ends of the crank- 
shaft. The wheels on the countershaft 
were each slid into gear by a screw 
clutch and hand wheel, and both the 
pinions on the crankshaft and wheels 
on the countershaft were placed between 
the brackets above the boiler. It will 
thus be seen that inside gearing is no 
recent production, but was used as far 
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back as 1859. We may say that this 
engine was made by Gardiner and 
Mackintosh. 

Mr. Taylor, of Birkenhead, con- 
structed a number of powerful road 
locomotives which he termed ‘steam 
elephants.’ Fig. 2 shows one of these 
engines madein 1859. Messrs. Richard- 
son and Darley turned out in 1862 a 
remarkable traction engine, as_ illus- 
trated by Fig. 3. [he desioneometiie 
engine was very good when compared 
with many engines for road work at 
that date. No driving chains were 
used ; the countershaft had a pinion at 
one end which geared into a large spur 
ring bolted to the spokes of the large 
driving wheel, which was evidently made 
of wrought iron, having two rows of 
spokes. The engine parts were bolted 
to a channel frame on the top of the 
boiler. Fig. 4 represents a wonderful 
relic, which was made by Mr. Briggs, of 
St.Ives. It wasa transformed portable 
engine; a pitch chain from a chain 
pinion on the crankshaft transmitted 
motion to a countershaft fixed in front 


FIG. Q.—TUXFORD'S PATENT FOUR-WHEEL ENGINE, 


of the cylinder. This countershaft drove 
the hind wheels by means of chains, 
as shown. The next illustration is 
another transformed portable engine. 
Fig. 5 was made by Mr. Nichols, whose 
experience we are told extended over 
thirty years making these traction en- 
eines. Messrs. Taplin & Co.’s self- 
moving engine, as shown by Fig. 6, 


Some Ancient and Modern Traction Engines, 


was made in 1861; it required a horse 
in the shafts to steer it. Another early 
traction engine is shown by Fig. 7; it 
was made by Messrs. Coulson and 
Wear; the. boiler was tested to a 
pressure of 200 lb. per square inch. 
The driving wheels were 
wrought or cast iron as required. In 
a later engine of this maker the 
driver and the steersman were both 


FIG. I2.—CHAPLIN & CO.’S TRACTION ENGINE. 


stationed on the footplate behind. 
Messrs. Tuxford & Sons’ patent steam 
road locomotive is next illustrated by 
Fig. 8. A prize medal was awarded to 
this engine at the 1862 Exhibition for 
good design and good workmanship. 
The engine was furnished with two 
cylinders, which together with the whole 
of the working parts were enclosed in 
an iron house at the end of the boiler. 
Motion was communicated to the driving 
wheels by means of spur gearing in 
preference to pitch chains. Two travel- 
ling speeds were _ provided. The 
engine was fitted with compensating 
gear, and travelled fire-box foremost, 
a return flue boiler being used so that 
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the chimney was at the fire-box end as 
shown. Messrs. Tuxford drove the 


‘iron house” portable and_ traction 
engine “hobby” to death, and prac- 
tically killed their trade in this industry. 
A later Tuxford engine is shown by 
Underhill was 


Fig. 9. Mr. ‘“‘ assured 


FIG, 13.—-AN EARLY TYPE BY BROWN AND MAY 


that his improved traction engine was far 
in advance of any ever brought before 
the notice of the public.” He said 
the novel construction of the driving 
wheels with zigzag tyres (as shown by 
Figs. 10 and 11) enabled the engine to 
travel ‘“ through all localities, on arable 
or turf land” ; consequently great things 
were expected from it as a traction 
engine. We fear Mr. Underhill’s assur- 
ances came to nothing; the engine was 
made in 1865,and appears to us as the 
most unlikely traction engine to perform 
the ‘‘great things” that were expected 
fromit. In 1866 Messrs. Chaplin & Co. 
made a road locomotive of the type 
shown by Fig. 12. Asit differed from all 
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the engines we have so far illustrated, 
we will give a few particulars of it. 
The carriage of the engine consisted 
of a pair of solid wrought-iron frame 
plates, connected by cross girders, 
attached to them by corner pieces and 
turned bolts. The cylinders were let 
into the openings, and were furnished 
with flanges above and below as shown. 
Three sets of gearing between the 
crankshaft and the countershaft enabled 
the engine to travel at three different 
speeds on the road, 2, 4 or 8 miles 
an hour, according to the duty which 
it had ‘to perform. “At each end? of 
the countershaft a pinion was keyed 
on, which geared into internal spur 
rings bolted to the driving wheels. 
The driving wheels were constructed 
on Bray’s patent plan, and were made 
of cast iron 6 ft. diameter; they were each 
fitted with 16 spades, worked by means 
of connecting rods coupled to a brass 
excentric strap. By shifting the excen- 
tric upon which the strap worked, the 
spades could be made to project through 
the rim of the wheel. The engine was 
mounted upon springs. An _ upright 
boiler was mounted in the frame nearly 
over the driving axle; it was fitted with 
hanging tubes welded at the bottom 
ends. The advantage of a vertical 
boiler for this purpose arises from 
the fact that the water level is little 
disturbed by the inclination of the road. 
The weight of the engine was 12 tons. 
lt was tested in Glasgow by drawing 
marine boilers weighing 30 to 40 tons. 
On one occasion the engine hauled a 
small iron vessel weighing, with the 
truck upon which it was carried, about 
45 tons, a distance of two miles over 
ordinary paved streets, mounting in 
the course of its journey an incline of 
I in 30. In those days such a per- 
formance was very satisfactory. About 
this time a number of engines were 
made by Messrs. Brown and May 
resembling the illustration Fig. 13; the 


Engineering Times. 


steam jacketed cylinder was placed near 
the chimney, the engine was_ placed 
upon springs. The engine was fitted 
with two travelling speeds, one set of 
gearing having a ratio of 22 to 1, and 
the fast speed ratio being 11 tor. An 
arrangement was made at the counter- 
shaft end for taking up the slack in the 
driving chains. The engine shown by 
Fig. 14 was a well-made article. We 
believe Messrs. Robey & Co, were the 
first to use wrought-iron crankshaft 
brackets of the type shown, which are so 
largely used for portable and traction 
engines now. 

The self-moving engine illustrated by 
Fig. 15 was made by Messrs. R. Garrett 
and Sons in 1869. Ten years previous 
to this date Messrs. Garrett made a 
number of self-propelling engines. They 
refer to them as follows :—‘ R. G. and 
Sons have rendered their ordinary port- 
able engines locomotive by means of an 
improved self-propelling gear, which 
can be attached to any portable engine; 
it does not render the engine compli- 
cated. By means of this improved gear 
an eight-horse portable engine (with one 
horse in the shafts for the purpose of 
steering) will propel itself and draw a 
thrashing-machine behind it over ordi- 
nary farm roads.” 

Fig. 16 shows another of Messrs. 
Tuxford’s traction engines which was 
exhibited at the Wolverhampton Show, 
1871. The engine is *placenmammer. 
boiler, and not housed in a box as 
previously illustrated. A wrought-iron 
frame carried the countershaft and axle 
beneath the barrel of the boiler; the 
frame was mounted on spiral springs. 
The leading wheels were also provided 
with springs, in the boxes shown. ‘The 
showyard at Wolverhampton was the 
scene of some curious experiences with 
traction engines, as will be gathered 
from the next illustration. 

Fig. 17 shows one of Thompson’s 
road steamers being pulled out of the 
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FIG. I4.—ROBEY S PATENT TRACTION ENGINE. FIG. I5. ONE OF RICHARD GARRETT AND SONS 


EARLY ENGINES. 


FIG. 16.—TUXFORD AND SONS’ TRACTION ENGINE. FIG 7.--A ROAD STEAMER IN 


DIFFICULTIES. 


FIG. 18.—ENGINE FITTED WITH MACKINDER’S FIG. IC.—JACKSON’S TRACTION ENGINE. 
PATENT WHEELS 


HISTORICAL TRACTION ENGINE 
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mud by another traction engine.* The 
indiarubber tyres were being tried 
under all sorts of circumstances, and in 
many instances they were found wanting. 
We have dealt with the indiarubber 
and pot-boiler mania of 1871 in another 
place, so we cannot refer to it here.t 

We now illustrate, by Fig. 18, a trac- 
tion engine made by Messrs. Robey & 
Co., fitted with Mackinder’s patent spring 
driving wheels. ‘‘ The patentee worked 
this engine on his estate for several 
months, during which time he did ail 
the ploughing and thrashing with it. 
It conveyed all the farm produce to 
Lincoln —a distance of four miles — 
taking back coal or manures on the 
return journey. As a result of this 
practical test, the patentee found that 
this farm engine enabled him to dispense 
with six horses and two men.” 

The last engine we shall illustrate in 
this article is the one shown by Fig. 19, 
made by F. W. Jackson, Ball’s Pond, 
London, N. We will allow the maker 
to describe this engine :—‘‘The pitch 
chain and spur gear, which are a source 
of continual annoyance owing to their 
non-reliability, have been abandoned. 
Two steel tooth wheels of circular 
steel bars, in direct communication with 
the road wheels, are employed, both 
wheels being geared or worked sepa- 
rately, as may be required, by means 
of friction clutches, either being thrown 
in or out of gear when the engine is 
in motion. This gear admits of the 
rise and fall of the axle, which is sup- 
ported on springs, without the risk of 
breaking the cogs of the gearing.’ The 
inventor would experience a little diffi- 
culty in his arrangement of the driving 
gear on the flywheel side; the pinion 
or the wheel would be very much 
overhung. 

As a considerable number of the early 


* We are indebted to The Grafhic for this illustration. 


+ ‘Steam Locomotion on Common Roads.” 1891. E. 
and F. N. Spon. 
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traction engines were propelled by pitch 
chains, it may not be amiss to name the 
advantages which some of the old-time 
traction engines possessed, which are 
not always possessed by modern engines. 
The advantages of driving by means of 
pitch chains are briefly enumerated 
thus:—(1) Simplicity of construction ; 
(2) much less weight; (3) springs can 
be easily applied; (4) reduced expense 
for repairs and fewer breakages; 
(5) noise is suppressed. 

1. Simplicity of construction is more 
easily obtained, the number of shafts 
and details being reduced in the neigh- 
bourhood of the boiler front ; the mud- 
holes at the corners of the fire-box are 
easily accessible, there being no spur 
wheels or splashers in the way of them. 

2. It is well known by all users of 
chain traction engines that most, if not 
all, the details may be made much 
lighter than those adopted for spur- 
geared engines. In the place of the 
heavy gearing and driving discs, the 
two pitch chains drive on to a light 
chain wheel on each side of the engine ; 
these chain wheels are secured near the 
tyre of the driving wheels. By this 
arrangement the driving wheels, axle, 
and axle bearings are much lighter 
than is possible with modern spur- 
geared engines. 

3. The adoption of springs is always 
recommended. Many plans have been 
patented for hanging  spur-geared 
engines on springs ; many of the designs 
have ended in failure, and very few are 
perfectly satisfactory. All these difh- 
culties vanish when chains are used, 
and the much sought for and very 
desirable springs can be easily applied 
in the most simple and convenient 
manner possible. 

4. By the use of springs the wear 
and tear of the working parts is much 
reduced; but quite apart from the 
advantage gained from the springs, 
many chain engines have cost from 
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25 to 30 per cent. less for repairs than 
those needed for heavier geared engines. 
The breakages are infrequent, and those 
which do occur are of a trivial nature, 
and soon put to rights. 

5. [he crowning virtue of the pitch 
chains is their noiselessness, compared 
with the ringing spur gearing; the chains 
and the springs combined cause the 
engine to run along smoothly, with 
more comfort to the driver, and less 
annoyance to the public generally. We 
have advanced these remarks because 
driving chains are being used in light 
road vehicles, and we feel sure that 
chains might be adopted for some pur- 
poses now with advantage, where the 
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bridges will not bear heavy weights, or 
in the fen districts, and for Colonial 
purposes. We have far better machinery 
for the manufacture of chains than our 
predecessors had, and we have better 
types of chains also. 

We have omitted to name a consider- 
able number of ancient traction engines 
because they have recently appeared in 
connection with another article by the 
writer. The subject is far from being 
exhausted. In future articles we hope 
to deal with the oldest and newest 
traction engines of the best makers of 
the day. 


(To be continued.) 
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(Continued from page 177.) 


SOW, as regards the shape of 
the slide-ways of the bed, 
how do the above conclusions 

affect their form? As it 1s impossible 
to apply the traversing force to the 


English 
( Humpage Jacques 
and federsen } 


/ Ze 


saddle in line with the resistance, and 
as it is not desirable to make the 
guide surfaces so long as would be re- 
quired by the third conclusion, the 
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second should be considered more 
closely. That the saddle may have no 
tendency to twist under the action of the 
traversing force, this conclusion requires 
that the guide surfaces shall automatic- 


. 12-20. 


American 
(Lodge and Shzpley } 


American 
( Jones and Lam-m} 


ally adjust themselves to each other. On 
inspecting, then, the various bed-sections 
illustrated in Figs. 12 to 20 to see if either 
is of a form that will provide this auto- 
matic adjustment, it will be found that 
those having raised V’s undoubtedly do 
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Fig. 22. 
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so, for gravity acts as a closing force, 
keeping the surfaces in contact. 
Considering the remaining conditions 
(2), (3), (4), and (5), as affecting bed- 
sections, condition (2) requires protection 
from dirt. A shape which affords the 
least facility for catching dirt, or more 
especially metal particles, which would 
work in between the rubbing surfaces, 
causing rapid wear, is one having a 
sloping surface, such as those in Figs. 
13, 14,and 16. The possibility of satis- 
fying condition (3) follows ona fulfilment 
of (4), provided that there are ample 


a 
tial 


means for the continuous application of 
oil, which is rarely the case. 

English lathe builders pride them- 
selves upon the ample surface supporting 
the saddle as obtained by the shape in 
Fig. 12, which is lost by the use of 
raised V’s. No doubt sucha form has 
the very decided advantage of giving 
direct support to the saddle and reducing 
spring to a minimum. The great dis- 
advantage of the raised V form, as in 
Figs. 13 and 16, is the lack of support 
rather troublesome to put into and out 
for the saddle immediately under the 
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FIG. 24.—6 IN. SCREW CUTTING LATHE (WARD). 
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tool-rest. The saddle fits upon the two 
outer V’s, and thus has a long span, so 
tending to make it weak in the back and 
lacking in stiffness. If, however, the 
inner V’s are placed at a lower level, it 
allows of an increased thickness in the 
saddle, which tends to minimise this 
disadvantage. Moreover, if the cross 
slide-way is raised upon the saddle, 
instead of sunk into it, the slide which 
fits upon it may be of greater length, 
thus giving a better distribution of the 


FIG. 25.—0 IN. LATHE WITH SPECIAL CHANGE GEAR. 


pressure from the tool when cutting, so 
adding to the stiffness. Such an arrange- 
ment has the further advantage of 
protecting the cross slide-way from 
metal cuttings. Ample support for the 
saddle is desirable, but broad flat slide- 
surfaces on the bed are not unmixed 
blessings, for they easily catch the 
metal cuttings which work under the 
saddle, and form the chief factor in the 
wear of those parts. All things being 
considered, the author is of opinion 
that the requirements of paragraph (a) 
are more nearly met by a bed-plate with 
raised Y’s, the inner pair being set lower 
than has hitherto been the practice. 
Rrelease-nut Clutch.—The accuracy of 
the machine for screw-cutting will be 
effected by the construction of the clutch 
which operates the release-nut. There 
should be no possibility of side-flexure. 
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Figs. 21, 22, and 23 show three ways of 
constructing this clutch. 

With regard to paragraph (b).—It is one 
of the essentials in modern factories that 
a cutting-tool shall be made to work at 
as high a speed and with as heavya cut 
as can mutually be worked together, 
which usually means frequent changes 
of speed to suit different diameters and 
variations incut. The average workman 
is not, as a rule, particularly keen to 
get the utmost from his machine, and 
the greater the trouble to change the 
speed, the less often he will do it. It 
therefore follows that the more easily 
and quickly a change may be effected, 
the more likely is the machine to ap- 
proach its maximum output. This 
points to the wisdom of making a 
machine handy, as per the requirements 
of paragraph (b). How, then, may these: 
quick variations of speed referred to be 
obtained? Firstly, in the drive from 
the main to the counter-shaft, by using 
several sets of pulleys of differing 
diameters, or by friction cone-drives, 
or expanding pulleys; secondly, with 
ordinary stepped-cones in the drive to the 
lathe; and thirdly, with back-gearing. 

Friction cone-drives have been put 
forward more of late. Messrs. Ward 
are making a facing lathe which has a 
chain connection from the cross-traverse 
screw tothe striking-fork, so that as the 
screw is rotated to traverse the slide 
rest, a motion is transmitted to the 
striking fork by thechain. The relative 
motions are so arranged, that when the 
cutting tool,is advanced towards the 
lathe centre, the striking fork is moved 
to give a greater speed to the lathe 
spindle, thus maintaining a constant 
cutting speed. 

Back-gearing, as originally fitted, was 
of gear, necessitating the stoppage of 
the machine and the use of the spanner. 
The introduction of friction back-gearing 
is an improvement which greatly facili- 
tates the change of speed, and is, 
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* 
FIG. 26 —BRASS FINISHER’S LATHE (HUMPAGE, JACQUES, AND PEDERSEN). 


undoubtedly, a valuable feature in the 


modern machine, which might 
with advantage be more generally 
introduced. A headstock with 
friction back-gear is illustrated in 
Fig. 28. With a headstock of this 
description, practically an instan- 
taneous change over the back- 
gearing may be made, and, for 
this purpose, friction-clutches are 
introduced into the interior of the 
belt-cone andthe large gear onthe 
spindle. These friction-clutches 
are of the expanding brake-strap 
type, the expansion movement 
being produced by a simple form 
of toggle-joint A, Fig. 28. 
Changes of Traverse.—A further 
requirement of paragraph (0), 
namely, that the changes of tra- 
verse should be effected by a 


handle movement practically in- 
stantaneous in action, is most 


important, both for ordinary 
turning and for screw-cutting. 
An examination of the follow- 
ing methods now in use will be 
of interest. The change feed- 
motion largely adopted for the 


purpose of driving the traverse shaft 


FIG. 27.—END VIEW OF ABOVE LATHE. 
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and lead-screws is shown in Fig. 29, 
it being part of an open-spindle capstan 


lathe. 
A short driving spindle A is mounted 
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the key K, its position determining 
which of the pairs of wheels shall be 
operative. 

The centres of the shaft and spindle 
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FIG. 28.—8-INCH HEADSTOCK WITH FRICTION BACK-GEAR (HERBERT). 
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FIG, 20.—CHANGE FZED-MOTION (LANG). 


parallel to the traverse shaft B, and 
three pairs of wheels, CF, DG, and 
EH, mesh together upon the shaft and 
spindle. The wheels upon the spindle 
each have six keyways, and they are 
also counterbored as shown in drawing 
at I. The spindle is bored and slotted 
to receive a rod J, armed with a cross- 
piece, which acts as a sliding key K. 
The handle, situated in front of the 
gantry, is used to slide the rod with 
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FIG. 3C4—CHANGE FEED-MOTION Wo, 


are 321 in. apart, and the wheels are 
paired as follows :— 
First pair— 
C 34 in. pitch diameter, 39 teeth. 


Ae Aye in. 29 23 49 ee) 
Second pair— 


D 4 -in. pitch diameter, 48 teeth. 


G aati y topes 
Third pair— 

E 44 in. pitch diameter, 54 teeth: 

Hi233 1m, 4, %» 34» 
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FIG. 3I.—CHANGE-WHEEL FEED-GEAR (HENDEY- 
NORTON). 


The pitch is 12 diametrical, and the 
feedsare,nd,,1,th, and_,th respectively. 

Messrs. John Hetherington & Sons 
use a similar mechanism, with four 
changes of speed, to drive their sliding 
and surfacing shaft in their ro in. Sliding, 
Surfacing, and Screw-Cutting Lathe. 

In the arrange- 
ment, Fig. 30, for a 
similar purpose there 
is also a driving 
spindle and traverse 
shaft. Therearethree 
pairs of wheels, but 
they are not continu- 
ally in gear. 

Those marked 1, 2, 
and 3 are each pinned 
to the traverse shaft. 
Upon the driving 
apind.e sthere. is: a 
sleeve which is free 
to slide upon a feather 
key. Mounted upon 
it and forming part of 
the sleeve are three 
wheels—4, 5, and 6. 
The position of the 
sleeve can be regulated by a handle 
in front, which may cause either pairs 
of the wheels to mesh as follows :—— 

The first pair— 

No. 1 has 55 teeth to pitch. 
INO El as, 2 ane e as 0 ae 

Second pair— 

No. 2 has 35 teeth ro pitch. 
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Third pair— 

No. 3 has 45 teeth 10 pitch. 
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The feed-change gear in Figs. 26, 27, 
32, 33, is a modification of that shown 
in Hig. 29. ‘Lhe drivé in this case is 
by roller chains, with three pairs of 
sprocket wheels. The driven wheels 
are mounted upon a sleeve which rides 
upon the end of the traverse-screw, and 
sliding keys are provided within the 
driven wheels. 

The change-wheel system, as seen in 
Fig. 31, which is usually known by 
the name of the Hendey-Norton gear, 
is a very handy arrangement, and has 
been much copied. ‘This gear serves to 
regulate the traverse for both screw- 


cutting, turning and facing. That it 


FIG. 32.—ROLLER CHAIN FEED-GEAR. 


may apply for the several purposes, the 
lead-screw is cut with a keyway along 
its length, so that it serves both as a 
screw and a traverse-shaft. It will be 
interesting to learn the opinions of 
members on the use of the lead-screw 
in this dual capacity. 

Change-wheels are used in the usual 
manner, the intermediate wheels being 
mounted upon a quadrant; but the 
number is very limited, as there are 
only two with 36 teeth, one with 140 
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FIG. 33.—PLAN OF ROLLER-CHAIN FEED-GEAR 
SHOWN IN FIG. 32. 


and one with 69 teeth, though the 
latter, however, is used but rarely. 

In front of the gantry is a gear-box 
through which the lead-screw passes, 
and, upon the portion within the box, 
there are twelve spur-wheels, the teeth 
ranging in order as in the Table 1. 
Directly beneath the screw is a short 
shaft, upon which,-and within the gear- 
box, is mounted a sliding tumbler con- 
taining a pair of spur-wheels, the first 
upon the shaft and the second in gear 
with the first. This tumbler may be 


FIG. 35.—INTERIOR OF GEAR-BOX. 


moved along the shaft until it is oppo- 
site either of the wheels upon the screw, 
and then raised to cause the second 
wheel to mesh with that upon the screw, 
where it is held in position by a spring 
catch. This action closes the train of 
wheels when the change-wheels have 
been set. In order that one of the 
change-wheels may be mounted upon 
it, the end of the short shaft projects 
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FIG. 34.—PLAN OF FEED CHANGE-GEAR 
(HERBERT). 


beyond the gear-box, and thus the 
motion from the mandrel is transmitted 
by the change-wheels and the short 
shaft, and thence through the medium of 
the gears in the tumbler to the lead-screw. 

In Table 1, the screw-threads which 
may be cut are placed in order below, 


FIG. 36.—HEADSTOCK AND CHANGE-GEAR (LODGE 
AND SHIPLEY) END VIEW. 


FIG. 37.—AUXILIARY CHANGE-GEARS, 
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FIG. 38.— HEADSTOCK, SECTION SHOWING CHANGE-GEAR, 
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TABLE, 
CHANGE-WHEELS AND SCREW-THREADS. (HENDEY-NorTON_) 
Change-wheels. Spur-wheeels in gear-box. 
| 

on stud on shaft BOM Hous 40° 1-45 «2°50: 955 1 hOG, 2" 05 1707) 50° 00 100 

Threads cut per inch. 
144 36 | Sy ahs Soe Fic 3a eee a te ee 
30 30 Dome ee eek TA h 13h) “le Gites 10 ot 688 2 6 
30 144 BOW” 72.104 ‘50 ' 52) (48 9h A4> 40 30, 32" 25. 24 


When traversing with the reducing gear inside the apron in action, the number of cuts in the 
above Tab'ie are increased seven times. 


The gears in the tumbler have 30 and 63 teeth. 


the figure indicating the number of 
teeth in the wheels, and the change- 
wheels are arranged as indicated on the 
left. An inspection of the figures will 
show that all ordinary requirements are 
met when the two change-wheels with 
PicmeeOmeteclie are i suse, ~(Conse- 
quently, it is but rarely that, beyond 
the movements of the tumbler, a change 
of the wheels is necessary. 

In the No. 2A hexagonal turret, 
Piveeieetbere) are. two feed-change 
gears; one is connected with the lead- 
screw, and the other with the traverse- 
shaft, each of which passes along the 
front of the lathe. The gear for the 
lead-screw has four changes, which are 
‘obtained in a simple way (Fig. 34). 

Four spur-wheels, 1, 2, 3, 4, are fitted 
upon and form part of a sleeve which 
is free to rotate upon the fixed stud 5. 
Pivoted upon a second fixed stud 6 isa 
built-up swing-frame, carrying an inter- 
mediate wheel 7, the position of which 
may be varied upon the sleeve 8. Upon 
the fixed stud 6, and within the part 
embraced by the swing-frame, is a 
broad spur-wheel 9, which is driven, 
when in motion, by the intermediate 
wheel 7.. The wheel 7 may thus move 
into either of four positions upon its 
carrying sleeve 8 and still mesh with 
wheel g. By lifting the swing-frame, 
the wheel 7 may be caused to engage 


with either of the four wheels 1, 2, 3, 4, 
and the frame is then locked in position 
by a bolt in a quadrant forming part of 
the swing-frame. As the intermediate 
and driven wheels are used for each 
speed, the variation is entirely produced 
by theiwheelss1,-25-3,.4: 

The teeth upon the wheels are as 
follows :— 

Wheel No. Dohea ee 29 eA, 
Teeth No. fae AO 2A LO 
Speed Ratios! 1/1 s2/r 3/1 4/1 

By following the train of mechanism, 
it will be seen that the screw is finally 
driven through a train of bevel wheels 
placed within a gear-box at the front of 
the lathe-bed, Fig. 35. A small handle 
in front of the gear-box is available 
for setting over a double-claw clutch, 
thus stopping or reversing the motion. 
Within the gear-box referred to there 
is also a train of gears similar to 
Fig. 29, for regulating the speed of 
traverse, and in front of the box are 
handles for reversing and regulating 
the speed of traverse. The drive for 
this traverse is by belting to the gear- 
box from a three-speed cone on the tail 
end of the spindle, Fig. 35. 

The feed gear applied by Messrs. 
Ward to their larger types of capstan 
lathes is a combination of that which is 
shown in Fig. 29, and that known as 
the Hendey-Norton. Asalready pointed 
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out, the former of these gears gave three 
feeds, and the latter twelve feeds for 
screw-cutting, and the same number for 
the automatic traverse. By a combi- 
nation of the two gears, when one of 
them is applied to the drive for the first 
shaft and the other from the shaft to the 
lead-screw, they may integrate together, 
so giving a very wide range, and thus 
completely dispensing with the changing 
of wheels in the old way. The change 
applied by Ward are four pairs of 
meshed-gears with a sliding key on the 
spindle, and twelve gears upon the lead- 
screw, which give the following variations 
in traverse :— 
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two twin-gears F G, are free to rotate, 
which twin-gears are similar to each 
other, each consisting of two attached 


FIG. 39.—INTERIOR OF APRON, FITTED TO SLIDING 
AND SCREW-CUTTING LATHE (HENDEY-NORTON). 


gears in the ratio of 1 to 2. When in 
position, the smallest spur-wheel at D 
meshes with the larger part of one of 


TABLE 2. 
SCREW-THREADS CUT BY CHANGE-GEAR. (WARD.) 
| . 
A | 4 5 6 7 8 9 IO II ja 13 14 15 fer inch. 
B 8 se) IZ 14 16 18 20 22 24 24 28 20° meee 
ee 16 20 24 28 32 36 40 44 48 52 56 60 eae 
D 80, I00 120 140 160 180 200 220 240 260 280) (300;0 gue 


The letters indicate several pairs of gear which may be used to drive the parallel spindle. 


Figs. 36, 37, and 38 show another 
modification of the Hendey- Norton gear, 
combined with a second change as in 
the Ward gear, but obtained in a 
different way. 

It will be seen that below the head- 
stock and within the bedplate there are 
two shafts, the upper one A the tum- 
bler shaft, and the lower one B the 
change-gear shaft. Upon the portion 
of the lower one and within the bed- 
plate, there is arranged a series of 
change-wheels, and, into either of these, 
the intermediate gears carried in the 
sliding tumbler may be caused to mesh 
as required. The second series of 
changes is in the wheel-train, between 
the gear-shaft B and the lead-screw C. 
The arrangement consists of a pair of 
gear-wheels keyed upon the shaft Bat D, 
and their teeth are in the ratio of 1 to 2. 

A quadrant E, pivoted about the 
shaft B, carries a spindle, and upon it, 


FIG, 40.—INTERIOR OF APRON, FITTED TO SLIDING, 
SURFACING, AND SCREW-CUTTING LATHE (HENDEY- 
NORTON). 


the other twin-gears, and the largest 
spur-wheel at D meshes with the smaller 
part of the other twin gear, thus their 
relative speeds of rotation areas I to 4. 


FIG. 41.—REVERSING GEAR FOR AUTOMATIC TRAVERSE 
(HENDEY-NORTON), 
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FIG, 42..—-SADDLE AND SLIDE-REST (LANG). 


The final closure of this train is a sliding 
wheel upon the end of the lead-screw, 
which, it is possible by a-handle move- 
ment, to slide into either of four positions 
meshing with any of the wheels forming 
the two twin-gears, and the wheels are 
actually meshed by raising the quadrant. 
By this device, four different speeds 
may be given to the lead-screw for 
each position of the tumbler on shaft A. 

The lead-screw on this lathe has a 
keyway along its length, so that it may 
act as a traverse-shaft, as in the Hendey- 
Norton lathe, the gear in the apron 
increasing the cuts per inch to the 
threads obtained from the screw in the 
ratio Of -2°5sto iz. 

Table 3 gives the threads and cuts 
with the combined gears. 

Another requirement of paragraph (5) 
is, that the tool position should be 
readily changeable; therefore the ques- 
tion we have next to consider is, what 
movements of the tool are necessary, and 
how may they be obtained ? » 
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That the cutting-tool may be brought 
to an exact position, three directions of 
motion are essential. 
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FIG. 44.—OUTSIDE OF APRON (LODGE AND SHIPLEY). 
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Firstly, in a horizontal plane in the 
direction of the lathe axis. 

Secondly, in a horizontal plane at 
right angles to the lathe axis. 

Thirdly, in a vertical direction. 

As arule, provision is made for ready 
adjustment in the first two directions 
by such means as the compound slide- 
rest; but for the third adjustment, we 
are rather too familiar with the use of 
metal packing strips varying in thick- 
ness. What is wanted is a quick 
vertical adjustment obtainable without 
loose pieces of any description, for 
which purpose several firms use ele- 
vating cross slideways, but in most of 
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in action, and the compound slide-rest 
is used for hand-feed or for fine adjust- 
ment of the tool. 

As regards the apron saddle, the 
vertical front plate or apron has gearing 
within it for obtaining the various 
motions in an easy manner. For in- 
stance, there is gearing between the 
hand-wheel and the rack-and-pinion 
which gives enough mechanical advan- 
tage to enable the operator to give 
an easy and steady hand-traverse to 
the saddle with fine adjustments, thus 
rendering unnecessary the compound 
slide-rest. 

These two types of saddles are illus- 


FIXING OF LOOSE HEADSTOCK. 


these arrangements stiffness and rigidity 
are sacrificed. 

A further consideration of the move- 
ments of the tool in the horizontal 
plane, both parallel to and across the 
line of axis of the lathe, opens up a 
number of points for discussion, such 
as the relative merits of the ordinary 
English saddle with its compound 
slide-rest, and of the apron-saddle now 
being so largely fitted both in America 
and here. 

As regards the English saddle, the 
longitudinal hand-traverse is_ effected 
by a rack-and-pinion motion without 
intermediate gear, and movement so 
obtained is very jerky and unsuitable 
for feeding the tool in its cut. Con- 
sequently, it is only used for shifting 
the saddle position when the tool is not 


trated in Figs. 39, 40, 4ieeeageeam 
and 44. 

English Saddle-—The saddle and slide- 
rest, Fig. 42, are fitted to an 8 in. sliding 
and screw-cutting lathe. The automatic 
traverse is obtained by worm-gearing 
from a shaft at the back of the machine. 
Passing through the saddle there is a 
light spindle which conveys the power 
to the gears at the front where there 
is a simple form of frictional connection 
to put the traverse into action. The 
release-nut, in two halves, actuated by 
a cam plate, slides in a small bracket 
beneath the saddle. 

Apron Saddles—Two photographs of 
the interiors of the aprons belonging to 
these saddles are reproduced, one as 
fitted to a sliding and screw-cutting 


lathe, Fig. 39, and the other a sliding, ; 


| 
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surfacing, and _ screw-cutting lathe, 
Fig. 40. ‘In each case it will be seen 
that the lead-screw being cut with a 
keyway acts in the additional capacity 
as a traverse-shaft, so that worms, 
carried by the apron, may slide upon 
the exterior of the screw-thread. These 
worms drive the gearing for both longi- 
tudinal and cross traverse. In Fig. 39 
the worm A meshes with the worm- 
wheel B, which in turn drives wheel C 
and pinion D through a friction-cone, 
which is adjusted by a knurled nut in 
front of theapron. In Fig. 40 the same 
lettering applies to the traversing gear, 
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trations. As already stated, the auto- 
matic feed is put into action by a 
friction-cone actuated by a knurled nut 
in front of the apron. It is the assump- 
tion that this friction-gear will make 
it impossible for antagonistic feeds to 
be in action at one time; but in practice 
thissisenaot. so, tor the fact. is; thateas 
the worm and worm-wheel are con- 
stantly in gear, the rotation of the 
spindle upon which the worm-wheel is 
mounted, tends to automatically tighten 
the nut and cause the cone to seize. 
If it does so while screw-cutting, as 
the worm-gear gives a different rate of 
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but, in addition, there is a second 
worm E with gearing F, G, H for 
actuating the automatic surfacing feed. 
In both of these illustrations, I is 
the release-nut, the details of which 
aremshown ing Hig: f22,° At the ‘side 
of the apron is a handle J which 
slides upon the shaft K. <A vertical 
movement of this handle either up or 
down causes a partial rotation of the 
shaft K, which, by levers and link, com- 
municates with a bevel-gear train and 
double-claw clutch inside the headstock 
Easting.(see, Hig, 41). Thus, from the 
saddle, the feed may be either checked 
or reversed—a very handy arrangement. 
There is also an automatic feed-knock- 
out, which is not shown in the illus- 


traverse to the screw, something must 
break. The author has had the rack 
of a Hendey-Norton lathe broken three 
times in this way, purely by accident. 
The design of this apron may thus be 
seen to meet the requirements of para- 
graph (g), but it fails as far as paragraphs 
(¢) and (h) are concerned. 

(Om mcetaticowrejuizements ot (J) 
a neat interlocking mechanism, shown 
in Figs. 43 and 44, here effectually 
prevents the possibility of two speeds 
of traverse entering into action at one 
time. The feed traverse is in this case 
also derived from the lead-screw acting 
as a shait.. but, instead of a -worm, 
a sliding sleeve with two bevel-wheels, 
A and B, is mounted within the apron. 
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These bevels may be meshed, with a 
third one C, from which both the longi- 
tudinal and the cross-traverse. wheel- 
trains are driven. The handle D 
(Fig. 44) operates the lever E, which, 
in turn, slides the bolt F. On one end 
of this bolt a claw is mounted which 
determines the position of the sleeve 
with the bevel-wheels, and at the other 
is a lock for the release-nut. Thus it 
will be seen that unless the bevels are 
both out of gear, it is impossible for 
the nut to close upon the lead-screw, 
by which arrangement the requirements 
of (hk) are fulfilled, and by a slight 
further alteration (¢) would be also fully 
satisfied. 

The abolition of the compound-rest 
necessitates other modifications in the 
machine, such as cutting away the 
saddle to clear both the fast and loose 
headstocks, that the tool may get home 
to the centres. Further, as the fiddle- 
slide of the compound-rest is not 
available to set to an angle for turning 
tapers, other means must be provided if 
such work is to be done. 

The apron type of saddle has been 
modified to specially suit the turret- 
saddle and cross-slide of the larger types 
of turret lathes, where automatic tra- 
verse is essential. Good examples of 
such aprons may be seen in Figs, 73 
and 74, 

On many machines the loose headstock 
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is constructed in two parts, and pro- 
vision is made to set over the top 
portion to throw the centre out of line 
and so obtain the taper required. In 
the author’s opinion such a method as 
this is bad, as, in a machine where 
accuracy is essential, such accuracy 
being dependent upon the setting of 
centres and slides, disturbance should 
not be permitted when it has once been 
tested and proved accurate. The only 
remaining methods of obtaining the 
taper are, then, either to provide a means 
of compounding the longitudinal and 
cross-traverses by gearing in any desired 
ratio, or to use an adjustable former. 
The first of these two methods is used 
in a few designs, but it is too compli- 
cated, so the latter seems to be the 
better solution of this problem. 

As to the final requirement of (b).— 
Of the methods of fixing illustrated in 
Figs. 45 and 46, the former, although 
most largely used, requires the objec- 
tionable loose spanner, whereas the 
latter, operated by a handle and excen- 
tric movement, may be considered more 
satisfactory. 

Figs. 47, 48, and 49, show three 
methods of locking the centre slide, 
and of these the last tends, when locking, 
to keep the slide in position, whereas 
the others are likely to spring it out of 
place. 

(To be continued.) 
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(Concluded from page 146.) 


DOUBLE-ACTING PULSATING STEAM 
PUMPS (continued). 


HE “Niagara Falls” pulsating 
steam pump is illustrated in 
perspective Fig. 85, sectional 

elevation Fig. 86, and sectional end view 
Hig ogae be, principal: difference ‘in 
this pump from all other pumps of this 
class is the valve. The inlet is, as 
usual, at the top, and the steam imme- 
diately enters the chamber, in which there 
is a vibrating angular valve. The cen- 
tral diaphragm is continued into the 
steam space, which is divided by it. 
The two steam ports are formed in 
angular faces, on the apex of which a 
/\ shaped valve is suspended, so that it 
rocks on this point. The result is, that 
the centre of gravity of the valve is 
below the point on which it is pivoted, 
thus aiding in its free movement and 
taking away much of the objection which 
prevails to this typeof pump. Thearea 
of the steam ports is very large, so that 
a very small movement of the valve is 
followed by a free inlet of steam. When 
the steam has filled one chamber the 
valve, owing to the vacuum pulling it 
down, closes the inlet to the chamber, 
opening that of the other. This pump 
Se toanulactured - by Messrs. W. +» T. 
Elhson & Co., Limited, of Manchester. 


PE Ca LN POM, lets 43 95. 


SINGLE-ACTING PULSATING STEAM 
PUMPS, 


This class of pulsating steam pump 
is not so numerous as the double- 
acting one. 

Thes*Gritons “steani) pump, manu- 
factured by the Pulsometer Engineering 
Company, is illustrated in Fig. 88. It 
has been designed for situations where 
a cheaper form of apparatus than the 
pulsometer is desired. The steam 
valve gives more favourable results 
as regards steam economy than that 
of any other pump of this descrip- 
tion. They are fitted with special 
valves—balls, for example—when very 
thick or even fibrous liquids and 
semi-liquids have to be pumped. They 
will work on lifts of 100 ft. or more 
with suitable steam pressure; with 
50 lb. steam pressure at the pump, 
it will raise water to a total height 
OF Somme They are made _ with 
steam inlet pipes, varying from 4 in. 
to 2 in. diameter, delivering from 
2,000 to 40,000 gallons of water per 
hour. 

The last pulsating steam pump we 
will draw our readers’ attention to is 
the one illustrated in sectional eleva- 
tion, Fig. 89. The peculiarity in the 
construction consists in that there is 
no steam valve for distributing the 
steam. 
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A is the work- 
ing or condensing 
chamber; C_ the 
suction branch, and 
Ethe suction valve; 
F is the delivery 
valve, and D the 
delivery pipe, form- 
ing a dip pipe in 
the delivery valve- 
box; G is a pipe 
connecting the 
working chamber 
A with the delivery 
valve-box, and La 
pipe connecting the 
working chamber 
with the air vessel 
Bae Re i) thee ais 
valve; K the steam 
inlet? pipe; i] @ the 
thiroatte TH isthe 
valve-box cover for 


FIG. 85.—‘' NIAGARA access to the de- 
FALLS ” PULSATING ; 
STEAM PUMP, MADE livery valve. 


BY MESSRS W.T ELLI- 
SON & CO., LIMITED., 
MANCHESTER. 


The action of this 
pump is as follows: 
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FIG. 86 —SECTIONAL ELEVATION OF “ NIAGARA 


FALLS” PUMP. 
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The steam flowing in through the steam 
pipe depresses the water in the working 
chamber A, driving it through the 
delivery valve F, and up the delivery 
pipe D. This is done without dis- 
turbing the level of the water, con- 
sequently the top layer of water in 
immediate contact with the steam 
becomes heated, and, by reason of its 
reduced density, remains at the top, 
thus preventing further conduction. 
A portion of the water passes into the 
air vessel B, through the small pipe L, 
where it remains under a pressure equal 
to that of the working chamber A. In 
this manner the water level falls until 
it arrives at the offset, when a violent 
disturbance takes place, and a reduction 
of pressure is, in consequence, brought 
about. The injection water now rushes 
in from the air vessel B, and completes 
the vacuum, causing a fresh supply of 
water to enter from the suction pipe. 
The inrush of the suction water is so 
violent that it is necessary to restrict 
the passage way into the working 
chamber A, and to take in a small 
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OF SAME. 
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amount of air through the snifting 
valve R. This air serves the double 
purpose of cushioning the flow of 
water, and subsequently, by mingling 
with the steam, preventing condensa- 
tion of the latter by reason of its low 
conductivity. The working chamber A 
being now filled again, the action is 
repeated so long as the steam valve 
remains open and there is water to 
pump. The flow of steam is practically 
constant, as the vacuum period is 
extremely short; therefore, very little 
condensation of steam takes place. 
From this, it will clearly be seen that 
this pump requires no steam-controlling 
valve whatever beyond the ordinary 
steam-stop valve. 

It may be set to work either by 
priming the pump and suction pipe 
with water through a plug hole pro- 
vided for the purpose on the side of 
the working chamber A, or in the 
following manner: Assuming that the 
suction pipe is empty of water, the 
steam is turned on and rushes into 
the pump, expelling the air. After the 
air has been expelled the steam is shut 
off, and allowed to remain off a few 
seconds whilst condensation takes place, 
creating a vacuum in the working 
chamber, and causing the water to flow 
up the suction pipe. This operation is 
repeated two or three times, when the 
pump will be found to be filled with 
water, and the steam may be left on 
after the attendant has regulated the 
amount to be admitted to attain the 
best results. 


FIXING AND MANAGEMENT OF 
PUMPS. 

In choosing the class of pump and 
valves the utmost care must be exer- 
cised, and it is best to leave it to an 
expert or experienced maker, for every- 
thing depends upon the class of liquid, 
fluid, or semi-fluid which has to be 
dealt with; as, for instance, if we have 
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to pump anything thick, we must not 
use a plunger pump, we must have a 
piston; if we pump tar we must not 
have any brass or gun-metal near the 
tar; if we pump sugar solution, treacle, 
or salt or saline water, we must not 
have any cast-iron in the pump, it must 
be all gun-metal. If we have to pump 
any thick fluid the piston valve is the 
best; if paper pulp, a can valve acts 
better than any other class of valve we are 
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FIG. 88.—VIEW OF THE “CRITON” STEAM PUMP MADE 
BY THE PULSOMETER ENGINEERING CO., LIMITED. 
acquainted with, but they must be made 
of lead or antimony, or an alloy of the 
two, or some other metal which will 
resist strong acids. For extra strong 
acids a mixture containing as much 
antimony as possible, consistent with 
the valves being soft enough to machine 
and bed to their becting faces. Clack 
valves should be avoided, because they 
are sluggish in their action. The hinge 
side does not move, therefore the amount 
of lift which is given to perpendicular 
lift valves must be given to the clack 
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in the centre of the water way; hence, 
the side furthest away from the hinge 
must travel twice the distance; how- 
ever, for paint and semi-liquids they 
may be used with advantage, because 
there cannot be so much “slip” or 
liquid returning into the suction pipe 
with thick as with thin liquids. We 
cannot go any further into these inter- 
esting details, because we have already 
overstepped the space allotted to us for 
these articles, and we have yet to make 
a few remarks about fixing and the 
management of pumps. 

When fixing a new pump of any 
description great care should be taken 
that all sand, grit, dirt, iron or brass 
cuttings, etc., are carefully cleared out 
of the working barrel, because frequently 
great damage has been done to pumps, 
pistons, plungers, pump rods, and glands 
by being cut by it. 

In connecting up the pipes to a pump, 
great care should be taken to adopt the 
size of pipe specified by the maker, and 
that any packing rings used are pro- 
vided with a hole so much larger than 
the diameter that, when the joint is 
screwed up, the joint ring does not 
reduce the bore of the pipe. 

All bends should be easy, having, 
where possible, a radius not less than 
three times the diameter of the pipe. 

It is always the best plan, where 
practicable, to provide a dirt-box or 
strainer, as near the pump as possible, 
and when the suction pipe is long a 
suction air vessel, sometimes termed a 
vacuum vessel, should be provided on 
the suction pipe near to the suction 
branch of the pump. 

A good arrangement of pipes, air- 
vessels, dirt-box or strainer-box, and 
stop-valves, as adopted by the Worth- 
ington Pumping Engine Company, is 
illustrated in. Fig. go. 

On the suction pipe A is provided 
a foot-valve B, which keeps the pipes 
and working barrel charged with water, 
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so that the pump, when being started, 
does not have to free itself and the 
suction pipe from air, This valve is 
always necessary on long suction pipes, 
and great height of suction. C is the 
suction air vessel, on the top of a 
T-pipe, bolted to the suction pipe. D 
is the dirt-box or strainer-box, one 
flange of the box being attached to the 
suction branch of the pump, and the 
other to the suction pipe. A_ basket 
strainer is inserted from the top of the 
box through the cover, through which 
the water passes, and which basket can 
easily be withdrawn, for cleansing, 


through the cover. 


A back-pressure valve, E, is placed 
upon the delivery pipe to keep the 
water back when the pump is examined 
or undergoing repairs. A small pipe, 
F, is placed below the air vessel, so 
that, when the valve on it is opened, 
the pump can start and free itself from 
air, while the pressure is kept from it 
by the back-pressure valve E. When 
the pump has properly started, the valve 
F should be closed. Gis a charging 
pipe connecting the delivery pipe, out- 
side the back-pressure valve, with the 
suction pipe or suction chamber of the 
pump, for the purpose of charging the 
working barrel and suction pipe, before 
starting, with water or other liquid, 
from the rising main, in case the pump 
has been purposely emptied or the 
water having leaked out through the 
foot-valve. 

A pressure or delivery air vessel 
should be placed on the highest part of 
the pump, so that all the air entering 
with the water will find its way into it. 
The generality of air vessels supplied 
with pumps are a great deal too small, 
so that they are worse than useless, in 
fact, they are more detrimental than of 
any use. Air vessels for large pumps 
should be fitted with some kind of 
apparatus, so as to keep a constant 
supply of air in it, suitable to the class 
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of pump or pumps and the pressure 
the pump is working against, The 
best apparatus of this description we 
know of is Wippermann and Lewis’s 
air charger, manufactured by Messrs. 
I'rank Pearn and Company, Limited, 
West Gorton, Manchester. 

This apparatus is illustrated 
in Fig. 91, which shows a sec- 
tional elevation of a horizontal 
pump fitted with this air 
charger. A is a cylinder or 
small supplementary air vessel, 
its piston being the hquid from 
the main pump; at the bottom 
of this vesselis a pipe B, fitted 
with an adjustable cock or 
valve C, attached to the main 
pump valve-box, immediately 
below the delivery valve. At 
the top of the air vessel A is 
a small gun-metal valve-box 
D, fitted with inlet and outlet 
valves; from the latter a 
delivery pipe E communicates 
directly with the main _air- 
vesse] G, on the main pump; 
F is a glass water gauge fitted 
to the small air vessel A, so 
that the level of the water can 
be seen. 

The action of this apparatus 
is as follows: When the main 
pump draws the liquid the 
air vessel A will be partially 
emptied, the amount being 
Pee teuuey mitnem COCK 1G, 
When the return stroke takes 
place the whole. of the air 
drawn into the chamber A 
through the suction valve in the valve- 
box D is delivered into the main air 
vessel G, through the pipe E, because 
the pressure in the main pump, when 
delivering, is in all cases greater than 
the pressure on the suction side. 

The distance between the main air 
vessel G and the small supplementary 
air vessel A can, of course, be any length. 
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If they are separated the apparatus is 
placed either on a pillar or on the wall 
of the pump-house in any convenient 
place. 

All joints should be kept perfectly 
tight, especially those on the suction 
side, both for to obtain the best duty of 


FIG. 89.—SECTIONAL ELEVATION OF PULSATING STEAM PUMP, WHICH 
HAS NO STEAM VALVE FOR DISTRIBUTING THE STEAM, 


the pump as well as to keep the outside 
clean and free from rust, 

When starting a pump, it sometimes 
happens that itis not able to move the 
column of water, on account of the full 
pressure of the column resting upon the 
delivery valve, because the air in the 
body of the pump is not driven out, but 
only slightly compressed ; therefore, it is 
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always best to run the pump empty a 
few strokes,:so'as to clear the pump 
of air. This cannot, of course, be done 
in all cases ; therefore, it is best to have 
a connection between the rising main or 
delivery pipe and the working barrel, or 
suction chamber, as has already been 
explained and illustrated in Fig. go. 
The wheel valve is opened so as to form 
a communication between them; the 
water from the rising main enters and 
equalises the pressures and forces the 
air through the delivery valve into the 
rising main, or air vessel, if the pump 
is properly designed, so as to allow the 
air to escape, instead of lodging in it; a 
simple and good plan is to have a small 
pet cock placed directly under the 
delivery valve, for the air to escape 
through. 

If, after taking the above precautions, 
there is any difficulty in starting a pump 
properly, when new, it will generally be 
found to proceed from imperfect con- 
nections, or from the temporary stiffness 
generally found in any new machinery. 

All the stuffing boxes should be care- 
fully packed and the glands evenly 
tightened up. The best packing for the 
plunger, in plunger pumps, is hemp and 
tallow ; the hemp must be carefully and 
evenly plaited and steeped in warm 
melted tallow, Russian tallow being 
the best. 

In pit work, great care must be taken 
that the plunger and bucket pumps are 
quite linable with the rods, or there 
will be more thrust on one side than 
on the other, hence the gland for the 
plunger will wear oblong; or if the 
plunger is softer than the gland, the 
plunger will wear more on one side 
than on the other; and the bucket 
leathering, in bucket pumps, will wear 
out faster on one side than the other. 

When the pump is worked bya beam, 
T-bob, L-box, or angle-bob, the centre 
line of the pump must be taken by 
bisecting the verse sine of the arc formed 
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by the travel of the beam, etc., from the 
top to the bottom of the stroke, or the 
wear will be more on one side than 
the other. 

The pump rods should always be 
well lubricated and kept clean; grit and 
dirt should not be allowed to accumu- 
late on the lubricant, because it causes 
the rod to be flucted. Lubrication of 
the plungers greatly retards the corro- 
sion when the water is acidulated. If 
the water is heavily acidulated, it is 
best to have the plunger either made 
of solid ‘* Delta metal’? or phosphor 
bronze, or cast-iron covered with either 
of those two metals; the covering is 
rather doubtful when working against 
heavy pressures, as the liquid might, 
and frequently does, find its way between 
the cast-iron and the “‘ Delta metal” or 
phosphor bronze covering. 

Piston pumps should be allowed to 
run a day or two, then the pistons should 
be taken out and examined, to see that 
the packing is good and properly bedded, 
if metallic packing is adopted. After 
that the piston should be taken out 
periodically, and examined. The pump 
attendant, or pitman for large pumps, 
as the case may be, will soon know 
from experience how long the packing 
or leathering will last ; it varies, as we 
have previously mentioned in these 
articles, with the quality of the water 
pumped. At some collieries the leather- 
ing only lasts a day, at others many 
months. 

The pump valve faces and the valve 
beats on the seats should also frequently 
be examined, to see that they are good, 
so that no slip or back-flow of the liquid 
into the suction pipe takes place, down 
the valve seat. 

There is one peculiarity with some 
india-rubber discs, used for valves, which 
we believe is very little known, but 
deserves to be carefully noticed, that is, 
that if one of the faces of the disc is 
placed towards the grid seat the disc 
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becomes slightly convex on the bottom 
face and a great amount of water slips 
back into the suction pipe, but if the 
disc is turned round it becomes all right 
for work. We have carefully examined 
both sides, but totally failed to see the 
slightest difference in the appearance or 
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ing in the pump when it is at work it 
is a proof of faulty, leaky joints in the 
suction pipe, the pipe being too small 
for the size of the pump, or the suction 
valves out of order, so that the working 
barrel does not become perfectly full 
of liquid pumped at each stroke, the 
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FIG. 90.—VIEW SHOWING ARRANGEMENT OF PIPES, 

AIR-VESSELS, DIRT-BOX OR STRAINER-BOX, AND 

STOP VALVES, ADOPTED BY THE WORTHINGTON 
PUMPING ENGINE CO. ——— 
ee 


texture. We have inquired of india- 
rubber manufacturers the reason why 
this is sometimes the case, but cannot 
get a, to us, satisfactory answer. This 
fault is magnified when the centre of 
the disc is nipped tight between the 
guard and the grid seat. 

When there is a hammering or knock- 


hammering being caused by the piston 
or the flat end of the plunger, as the 
case may be, meeting the liquid. 

The thicker the liquid, fluid, or semi- 
fluid raised is, the less height of suction 
can be resorted to, and for hot liquids 
it is best if possible to let it run into 
the pump. 
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All pumps that are exposed to cold 
weather should be provided with drain 
cocks, and when the pump is stopped 
all the liquid should be run out of it, to 
prevent it from freezing. 

Horizontal pumps of the plunger 


if 


: 
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torily, that were so completely covered 
with dirt that it was impossible to see 
where the joints in the covers and pipes 
were before the thick coating of filth 
was scraped off with a chisel, and the 
engine in the next room clean, bright, 
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FIG. QI.—SECTIONAL ELEVATION OF HORIZONTAL PUMP, FITTED WITH MESSRS, 
WIPPERMANN AND LEWIS’S AIR CHARGER, 


type should be provided with a sludge 
cock under the lowest part of the work- 
ing barrel, so that any accumulation of 
sand, grit, or sludge can be blown out at 
intervals. 

We have frequently gone to examine 
pumps, which would not work satisfac- 


and polished, almost fine enough for a 
drawing-room. We have asked how it 
was, and the reply-received has been: 
“Oh! itis onlya pump.” Why should 
the pump, which in most cases is quite, 
if not more important than the engine, 
not receive the same attention? Surely 
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a well-attended pump will last longer, 
work better, cause less trouble, and be 
less liable to get out of order. Our 
advice is to keep it clean, nicely painted 
a clean-looking, pleasing plain colour, 
and keep it in good order; it will then 


— 


be a pleasure to the attendant, instead 
of, as is frequently the case, a constant 
source of anxiety and trouble. When 
you are looking after the interest of 
your pump you are looking after your 
own interest. 
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THE PRODUCTION AND USE OF ACETYLENE GAS, 


By W. DOMAN, 


——_—>——_ 


INTRODUCTORY. 


N the series of articles commencing 
in this number the intention is to 
develop the pract cal rather than 

the theoretical part of the subject, and 
to place the reader in a position to make 
choice of the most satisfactory method 
of producing and using acetylene, and 
to enable him to design and erect the 
necessary plant for this purpose. 

Although, at the present time, the 

most up-to-date apparatus leaves but 
little to be desired in the way of sim- 
plicity and effectiveness, it is hardly 
likely that our present methods are 
incapable of radical changes; but they 


undoubtedly show sufficient evidence of- 


permanency to deserve the close atten- 
tion both of the practical man and the 
student. 

The advantages and uses of acetylene 
lighting, regulations as to storage and 
carriage of carbide, and a short descrip- 
tion of its manufacture are included, 
to make the general usefulness of these 
papers as complete as possible. 

The chemistry of acetylene has been 
but lightly touched upon, and the 
student is referred for fuller information 
to Prof. Lewes’ work, to which I am 
mainly indebted for the figures and 
facts relating to this part of the subject. 

For the greater portion of the chapter 
on carbide | am indebted to Mr. Chas. 
Bingham, who has very kindly placed 
at my disposal a paper written by him 
on this subject, which I here give im 
cxtenso. 


I.—CARBIDE OF CALCIUM. 

Up to the present time the honour 
of having discovered calcium carbide 
(carbide of calcium or calcic carbide, 
as it is often called) has been attributed 
to the German chemist Wohler, the 
French chemist Moissan, and the Cana- 
dian engineer Willson. 

Wobhler prepared carbide as early as 
1862, but his process produced only an 
impure compound; and as he made no 
use of electricity, his discovery has 
proved of little value for present-day 
practice. 2 

Moissan, however, may fairly claim 
to be the father of the calcium carbide 
industry, at any rate in Europe. His 
descriptions of the process to be em- 
ployed to produce carbide in the electric 
furnace, which he first began to publish 
in 1892, and his beautifully complete 
investigations of its properties, still form 
the most exhaustive original work we 
possess on the subject. 

To the Canadian Willson, also, a meed 
of praise must be awarded. While 
endeavouring to prepare metallic cal- 
cium in the electric furnace, in 1892, he 
accidentally obtained calcium carbide. 
With the shrewdness characteristic of 
his continent, he saw that a substance 
which could apparently be so easily 
prepared, and yielded an illuminating 
gas by simple contact with water, 
should have a_ brilliant commercial 
future before it; and with great tenacity 
he continued his experiments, with a 
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view to production on a commercial 
scale. It was, however, not until 
some months after Moissan communi- 
cated his celebrated 1894 paper to the 
world, through the Comptes Rendus, that 
Willson filed his 1894 patents, which 
constitute his strongest claim to be one 
of the first discoverers of commercial 
carbide. 

Investigations carried out by the 
writer some months back, in connection 
with a patent case, show, however, in 
the clearest way, that the honour of 
first discovery does not rest with either 
Wohler, Moissan, or Willson, but with 
an American scientist, Dr. Robert Hare, 
of Philadelphia. 

Dr. Hare, who appears to have been 
taking the cruder electrical applances 
at his disposal into consideration, as 
indefatigable an investigator as Moissan, 
read in 1839 and 1840 several papers, 
which are published in The American 
Journal of Science, on the production of 
Pcarbipet, »ias <*carbide’’, was then 
called) of calcium, and described a 
method of making it, by subjecting a 
mixture of quicklime and carbonaceous 
matter, placed on the bottom electrode 
of an electric furnace, and immediately 
below the upper electrode, to the heat 
produced by passing the current from 
200 large Cruikshank cells through 
i ot eeeiteentirer= words,” by» sub- 
jecting athe sauxture to the heatof the 
electric arc. 

Dr. Hare describes the product 
obtained, and states in his communica- 
tions that it oxydized in the air, and 
that when brought into contact with 
water it gave off an ‘‘odorous”’ gas. 
He did not, however, realize the value 
of the product he had discovered, nor 
would he have been able to make much 
use of it, even had he known its value, 
as the cheap current of the dynamo was 
not at that time available. 

In May, 1895, the Acetylene Illumina- 
ting Company put up a small plant at 
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Leeds, with steam power for making 
carbide commercially; the Electro 
Chemical works at Bitterfeld starting 
in February, 1895, thus about the same 
time, on the Continent. 


From that moment the industry 


FIG. I.—VIEW OF ELECTRIC FURNACE, MADE BY 
MESSRS. KELLER AND LELEUX. 


began to develop with gigantic strides, 
too fast indeed, for.in 1900 many of the 
weaker works had to shut down, owing 
to over-production. 

Carbide of calcium consists simply 
of 62°5 per cent. by weight of calcium, 
and 37°5 per cent. of carbon, and is 
formed by fusing together, in the electric 
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furnace, a mixture of lime and coke, 
charcoal, or anthracite coal. Its specific 
gravity is 2°22. ‘Theoretically, it should 
yield, on being brought into contact 
with water in proper proportions, 
59 Cubic feet Or jacerylene at sagen: 
perature of 60° F. Owing, however, 
to various causes, the yield is rarely 
more than 4°8 cubic feet per lb. of 
carbide. In appearance, it much re- 
sembles some kinds of limestone; but 
varies in colour from almost black to 
a lightish purple. It is almost as insen- 
sible as stone to fire, or anything except 
water, brought into contact with which 
it will produce a volume of acety- 
lene equal roughly to 400 times the 
space occupied by the carbide when 
broken ready for use. 

Carbide is sent out by the factories 
broken to almost as many sizes as there 
are factories. The sizes most used in 
the United Kingdom are 6 in., 4 in., 
241n., 1 in., 2 in., and #4in. mesh.” The 
24 in., owing to the dimensions of trays 
or cells generally used, is the size most 
suitable for the majority of generators ; 
the 4 in. -1s> the best size" for cycle 
lamps. 


Although experience is growing, 
many generator makers, and still more 
private users, do not yet realize the 
importance of obtaining carbide of a 
proper size for the kind of generator 
they sell or use. Small pieces should 
not be used for generators working 
on the ‘drip system,” or where the 
water rises to, or falls upon, the 
carbide in small quantities; nor should 
very large lumps be used where the 
carbide is allowed to fall into an excess 
of water. 

No high-class carbide works now 
send out carbide that has not been 
properly screened, but many carbides, 
even of good quality, are so soft, owing 
to the method of manufacture, that 
attrition during transport will cause a 
considerable quantity of dust, the bane 
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of all generators. As a rule, carbide 
made on the “tapping” system, 12.¢., 
carbide drawn off in the molten con- 
dition through a tap-hole in the furnace, 
bears transport better than any other, 
as it is harder and. more compact. It 
is a singular fact that even when a 
‘“‘ tapping ”’ furnace is used, all parts of 
the same charge will not yield the same 
amount of gas per lb., so that the only 
way to obtain an opproximately equal 
yield per drum is to break up an entire 
charge, carefully sample the various 
parts, and fill each drum with pieces 
from various parts. 
We give here. an 
one of the most 


illustration of 
successful electric 
furnaces for the manufacture of car- 
bide of calcium. ‘the first “is that 
designed by the German Gold and 
Silver Refinery, of Francfort, which has 
been supplied to a great number of 
works in Europe. 

The mixture of lime and coke, or coal, 
is not broken into dust, but into pieces 
about the size of a nut, and fed into the 
furnace. 

The products of combustion, which 
rapidly eat away the electrodes, are led 
away at the side of the furnace, and 
the cost for electrodes thereby greatly 
reduced. This furnace is a so-calied 
‘“‘ingot’’ furnace, 1.e., the carbide is 
not -‘‘tapped”’ off, but is allowed to 
remain in the furnace and cool, when 
it is removed in the solid state: It 
gives a remarkably high yield per 
unit of electric energy employed, the 
guarantee being 5 kilos (say 11 Ibs.) 
of 4°8 ft. carbide per kilowatt-day. 
In actual practice this figure is usually 
exceeded. 

The German Gold and Silver Re- 
finery, having undertaken the sale for 
the Mid-European Carbide Combine, 
is now paying less attention to the 
manufacture of the furnaces. 

The next furnace we illustrate shows 
another system, 7.¢., the ‘‘ tapping”’ one 
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referred to above. This method of 
making carbide is gradually displacing 
the ‘“‘ingot”’ system, owing to the car- 
bide produced by it being more regular 
in quality, and more homogeneous. 

In the “ingot” furnaces only the 
centre part, or “core,” consists of good 
quality carbide; the 
outer part is ‘crust ”’ 
or “shell,” giving too 
little gas to be sent 
puLtw@and. as it is, as 
ae cule,» sextremely 
difficult to distinguish 
where ‘‘core”’ ends 
pede shell’. begins, 
and workmen cannot 
always be depended 
on, ‘“‘ingot’’ carbide 
often proves to be 
a source of much 
trouble to the maker. 
Tapped’ . carbide 
can, on the other 
hand, be always re- 
lied upon to. give 
satisfaction if good 
materials’ be used 
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carbide remaining in the tapping-holeand 
furnace can easily be removed. Lately 


this firm have devised an improved 
furnace, to a great extent obviating the 
difficulty of the tapping-hole choking up. 

This furnace is one of the best of 
its type, and in actual working gives 


and reasonable care 
be exercised. 

nes tapping ~ 
furnace we illustrate 


is that made by the 
Keller and Leleux 
ioewot -Paris,, which 
many of our readers 
probably saw at the 
late International 
Peemipition:>. The 
drawing shows how the molten carbide 
is drawn off from the furnace. To get 
over the difficulty of the tapping-hole 
clogging, a difficulty which causes much 
anxiety in carbide works, Messrs. Keller 
and Leleux allow the hole to gradually 
close up, and a cake of carbide to form 
in the furnace. The power is then 
transferred to a second furnace, and the 
first one allowed to cool down, when the 
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approximately the same results per 
kilowatt of energy as the ingot furnace 
of the Francfort firm. The Francfort 
furnace has been the most extensively 
used by works adopting the ‘“ingot”’ 
process, while the same may be said of 
the Keller and Leleux furnace for, the 
‘“‘tapping’’ process. 

Another system is that known as 


‘incandescent. In furnaces of 
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this description the electric arc is not 
used, the resistance of a poor conductor, 
such as a carbon rod, broken pieces of 
carbon, etc., being employed to produce 
the electro-thermic effect required. 

In spite of the fact that the two 
Cowles, the fathers of the _ electro- 
metallurgical production of aluminium, 
used incandescent furnaces, and these 
have also been successfully employed 
for other purposes, such as the pro- 
duction of carborundum, a successful 
carbide furnace on this principle was 
not devised until the Giffre Electro- 
Chemical Co. were able last year to 
get over the difficulty of making the 
incandescent furnace a “tapping”’ fur- 
nace, and thus obtaining carbide of 
equal homogeneous quality. The Giffre 
furnace has been steadily improved, and 
the yield is so good, both as regards 
quantity and quality, that the designers 
anticipate obtaining in the near future 
much better results than shown by any 
arc furnace. The consumption of elec- 
trodes, a very sore point with carbide 
makers, is extremely low’ with this 
furnace. 

In the meantime, the above-mentioned 
firm (Keller and Leleux) also succeeded 
in designing a most ingenious tapping 
furnace working on the incandescence 
principle. Space, unfortunately, prevents 
a full description being given, but we 
may mention that the furnace consists 
practically of a crucible with two vertical 
electrodes arranged in it side by side, 
one being movable in two directions, 
viz., vertically and horizontally, in such 
manner that at the moment of tapping, 
it is close to the side of the crucible 
where the tapping hole is situated, and 
thus keeps the carbide near the tapping- 
hole in a perfectly molten condition. 

With care in the manufacture, a high- 
grade carbide can be made from any 
good metallurgical coke, charcoal, and 
most of the anthracite coals from the 
South-west Wales anthracite field. 
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This latter district is now supplying 
the bulk of the carbon requirements 
of the European carbide works. 

The good metallurgical cokes contain, 
as a rule, very little phosphorus, while 
the Welsh anthracites, usually used for 
carbide making, often show either the 
merest traces, or practically none at all. 
All, on the other hand, contain a fair 
proportion of iron and sulphur, origi- 
nating, as a rule, from iron pyrites. 
Nearly all the sulphur is evaporated 
off in the electric furnace; most of the 
iron remains, and part of it forms the 
bright white metallic specks visible in 
most carbides. The bulk, however, is, 
as a rule, melted down into a solid lump 
of silicide of iron, when it can usually 
be detected and picked out. Occa- 
sionally it escapes attention, and is 
found by the generator user in the 
residue. Really good lime, on the 
other hand, is not easy to obtain. The 
greatest enemy in the way of impurities 
is magnesia, which appears to coat the 
lime and carbon with an extremely fine 
film, preventing, toa great extent, proper 
chemical union, so that a charge of what 
appears to be perfectly fused carbide 
will sometimes yield so little gas that it 
cannot be sent out. 

The next worst enemy is phosphorus, 
found in many lmes in the shape of 
phosphate of lime. It is to this impurity 
that is due what is known as acetylene 
“haze,” 2.e., a vapour-like cloud, which, 
in the case of very bad carbides, used 
without proper purification of the gas, 
can be so dense that it is difficult, as 
the writer once saw, to distinguish the 
performers on the platform across a 
large concert room. 

Silica is generally held to be very 
prejudicial, but the writer believes that 
a much higher. percentage of this oxide 
can be tolerated in the raw materials 
than is generally believed to be the case. 
One of the best carbides made in the 
South of France is prepared from 
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anthracite small coal, 
dut  whick: has 
been shown by regu- 
lar analysis of each 
consignment to con- 
tain, on an average, 
boetO 11 per cent. of 
ash, fully one-half of 
which is stated to be 
silica. 

Although  anthra- 
cite is now employed 
to so great an extent, 
metallurgical coke 1s 
generally preferred 
by carbide makers, 
where it can be obtained at approxi- 
mately equal prices, the carbide pro- 
duced from coke being of slightly better 
quality. 

Gas coke is generally thought to be 
unsuitable for carbide making, but it is 
worth mentioning that the extensive 
carbide works at Deutsch-Matrei, Tyrol, 
have been using it. 

It is often stated by laboratory carbide 
experts that a greater proportion of lime 
is required to make “tapped” carbide 
than to make “‘ingot.”” Such is, in the 
writer’s experience, not the case. On 
the contrary, both the works which 
claim to hold the record for low con- 
sumption of lime per ton of carbide 


FIG, 4.—SPECIALLY DESIGNED CONTINUOUS CURRENT DYNAMO. 
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FIG. 3.—SPECIALLY DESIGNED ALTERNATOR, BY ELECTRIC INDUSTRY CO., GENEVA. 


made, use the tapping process. It would 
also appear from the figures which have 
been published from time to time—and 
especially from the paper warfare that 
took place in Germany between Birgson 
and Frcehlich in 1g00—that “ tapped” 
carbide can be produced at least as 
economically, even as regards the 
quantity of current used, as “ingot”’ 
carbide of an equally high standard of 
quality, say 4°8 cubic feet per lb. Nor 
have any facts of practical value been 
adduced to show that the statement made 
by Lewes, probably on the information 
he received from Germany, to the effect 
that a higher temperature is required in 
the furnace to tap the carbide, is correct. 
Dr. Froehlich, who has prob- 
ably had more experience than 
Prof. Lewes, says the exact 
contrary is the case. 

The heat required to fuse 
lime and carbon together in 
order to make carbide is gener- 
ally given at 3,000° C. This 
figure is probably exaggerated. 
The writer has assisted at 
commercial runs when a higher 
yield of c.c. has been obtained 
per unit of current used than 
the theoretical maximum yield 
amounts to, basing on above 
temperature, and allowing for 
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the difference between the quality of 
the commercial carbide produced and 
theoretically pure carbide. The Alby 
carbide works claim to produce more 
carbide per h.-p. year than the theo- 
retical yield basing on a temperature 
of 3,000" CG 

At the present time, a first-rate 
furnace will produce about 13 lbs. of 
c. carbide of 84 per cent. purity per 
kilowatt-day of 24 hours (the current 
measured at the furnace connections), 
equal to about 1:2 ton per h.-p., and 
year of 300 days. Owing to breakdowns, 
occasional failure of charges, etc., one 
ton of 84 per cent. carbide per h.-p. 
year is at. present looked upon as a 
fairly good output. 


COST Ol PROLOG L1Gine 


Many of the laboratory experts’ put 
the cost of making carbide at £2 Ios. 
to £3 Los. per ton above the cost of the 
power ; thus, with power at £2 per ton, 
the total cost would be £4 tos. to 
£5 10s. per ton. Adding, say, £2 per 
ton for costs for management, this makes 
the cost, exclusive of power, £4 10s. -to 
£5 Ios. 

The fallacy of this calculation is clearly 
shown by the fact that when the price 
of carbide dropped, towards the end of 
r900, to £12 per ton at the factory, 
including drums, the cost of which can 
be taken at £2 5s. per ton, half the 
carbide factories in Europe had to shut 
down. One of these, which had been 
working at full power, paid only 30s. 
per electric h.-p. year of 7,200 hours, 
the power being measured by a meter 
installed in the works, at a few yards’ 
distance from the furnaces. 

The writer has had the opportunity of 
comparing figures with many prominent 
makers, and the general opinion seems 
to be that, without allowing for any 
profit, and with power at £2 per electric 
h.-p., and year of 7,200 hours, a price of 
about £8 to £9 should be the cost of 
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production, when working on a large 
scale. To this price must be added 
the manufacturer’s profit and the cost 
of drums, so that the statement of the 
German experts that £13 to £14 isa 
fair selling price at the works, including 
drums, seems not unreasonable. Wath- 
out doubt, however, this price will go 
down: on the one hand, owing to 
constant improvements in the manu- 
ture; and on the other, owing to the 
recent great drop in the price of the 
carbon—coke or coal—used. 


STORAGE OF CARBIDE: 


The Board of Trade being of opinion 
that the stone-like solid carbide ‘“ pre- 
sents dangers similar to those presented ” 
by the fluid petroleum, has placed the 
former, with a few alterations and 
additions, under the provisions of the 
Petroleum Act of 1871. 

Five pounds of carbide may be stored 
without a licence, provided that it is kept 
in hermetically sealed metal receptacles, 
holding not more than 1 Ib. each. The 
ordinary, self-closing 1 1b. tins are usually 
held to comply with these conditions. 
On the Continent, as a rule, 10 kilos 
(22 lb.) may be stored in one vessel 
without a licence, and the limit» will 
probably soon be raised in the United 
Kingdom. 

Where more than 5 lbs. are stored, a 
licence, costing 5s., must be obtained 
from the “local authorities.” 

These are :— 

(2) In any harbour: the Harbour 
Authority. 

(6) In the City of London: the Cor- 
poration. 

(c) In Greater London: the London 
County Council. , 

(d) In’ any borough: 
Council. 

(¢) In any place in Ireland within the 
jurisdiction of any Trustees or Improve- 
ment Commissioners: the said Trustees 
or Commissioners. 


the ‘Town 
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(f) In any piace in Scotland within 
the jurisdiction of Police Commissioners 
or Trustees exercising the function of 
Police Commissioners: the said Com- 
missioners or Trustees. 

(g) In places where there is no local 
authority as defined above : 

(1) In England and Wales: 
District Council. 

(2)elmeiteland: the Justices in Petty 
Sessions. 

(3) In Scotland: the County Justices. 
The licences are for one year, and 
renewal must be applied for if desired. 

Little difficulty is usually encountered 
in obtaining licences. For quantities up 
to 1 cwt. a dry cellar, room, or shed 
is usually passed. Above 1 cwt., the 
carbide must usually be stored in a shed 
or outhouse not connected with the 
building (although a shed built on the 
flat roof of a house has been passed). 

All vessels containing carbide must 


be labelled : 


the 


Pork Bor .OF CALCTUM, 
‘‘DANGEROUS IF NOT KEPT DRY. 


‘‘The contents of this package are liable, if 
brought into contact with moisture, to give off 
a highly inflammable gas.” 


They must also bear the name and 
address of the owner (in the case of a 
vessel kept); or the sender (in the case 
of a vessel sent or conveyed) ; or of the 
vendor (in the case of a vessel sold or 
exposed for sale). 

The maximum weight allowed to be 
packed in each drum varies, but is 
usually 1 to 1} cwt. 


CARRIAGE ‘OF CARBIDE. 


The British railways require the car- 
bide to be packed in substantial, hermeti- 
cally sealed iron drums, or, if in tins, the 
latter must be packed in iron drums, or 
stout cases, iron bound. Each package 
must be labelled in the same manner as 
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the vessels, and a special consignment 
note must be used. 

AS carbidesis,= ienmiany cases, only 
carried on ‘‘explosives”’ days, great 
delays are often experienced, especially 
when the consignment has to pass over 
two or three systems. 

British shipowners have steadfastly 
set their faces against carrying carbide, 
although it is an undoubted fact that it 
is infinitely safer than a vast number of 
other articles carried. Unwillingness 
to investigate a new branch has practi- 
cally driven this large and increasing 
trade into the hands of foreign lines ; 
the export of carbide from British ports 
is at present impracticable. 


ELECTRIC PLANT. 


As a rule, the current used for carbide 
making is alternating monophase, 
although in some instance triphase is 
employed, notably in the case of the 
works at San Marcello, North Italy. 

Preference has been given, in the 
majority of cases, to the alternating 
type, owing to its ability to withstand 
the very exacting requirements of car- 
bide manufacture. 

Herein are shown, in Figs. 3 and 4, two 
dynamos especially designed for electro- 
thermic purposes by the Electric In- 
dustry Co., of Geneva, who have sup- 
plied the greater part of the dynamos 
employed for this work in Europe. 

While it is undoubtedly a fact that 
for the manufacture of calcium carbide 
alternating current is to be preferred 
to acontinuous current, the writer would 
certainly not, at the present moment, 
advise its adoption, as without costly 
rotary transformers it is difficult to 
utilize the current for any other purpose 
if, as at the present moment, the output 
of carbide exceeds the demand. If 
direct current be used, the prime cost 
of the plant is somewhat increased, but 
the current becomes available for mak- 
ing alkalies, extracting and depositing 
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copper, and various other electro-lytic, 
as well as electro-thermic, purposes. 

This very complete paper of Mr. 
Bingham’s leaves hardly anything to 
be said on the subject of any service to 
either the generator maker or user, ex- 
cept, perhaps, to emphasize the fact that 
carbide varies both in quality and in 
its action in the generator, and that 
to obtain the best results this point 
should have more attention paid to it 
than has been the case hitherto. 

For a machine of the “drip” or 
‘‘ slow contact’ type the largest lumps 
procurable are the best, and yet, up to 
the present, there has been the greatest 
difficulty in making certain of supplies 
of the 4 to 6 in. sizes, which are 
required by at least two of the foremost 
generators on the market, and would 
be used by many others if proper 
attention were given this point by the 
makers of the apparatus. This is not 
the fault of the carbide makers so much 
as that of the users. 

It is rather a pity that the “ingot” 
carbide, formerly made at _ Foyers, 
should be now almost unprocurable. 
The large lumps or ‘“H”’ size of this 
make could not be beaten for “drip” 
or *“‘ slow contact’’ machines, probably 
owing as much to the shape of the 
lumps as tothe make. The large pieces 
of the ‘‘tapped”’ carbide have very 
irregular surfaces, and are more or 
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less of a flat shape, while those ot 
the ‘‘ingot’’ make were larger, of 
straighter surface, and more nearly of 
a square shape. Irregularity of surface 
would doubtless increase the tendency 
to intense local action, and a flat 
underside obstruct the free escape of 
gas. 

The ideal form of carbide for this 
type of apparatus would doubtless be 
that of comparatively thin plates or rods 
standing upright, and separated from 
each other by a space equal to that occu- 
pied by the excess in bulk of the moist 
lime produced by the action. It is 
practically impossible to satisfactorily 
generate acetylene from a mass of com- 
paratively small lumps of carbide. 

The question of quality is practically 
one of economy only. A poor make of 
carbide is not necessarily impure in the 
sense of containing objectionable pro- 
ducts, and may be caused by an excess 
of either lime or carbon, by incomplete 
combination in the furnace, or by a 
mixture of “crust”? with the good. 
Such carbide, if sold at an equivalent 
price, is as good for most generators as 
one giving the full yield of gas; and 
even a carbide containing an excessive 
amount of sulphur and phosphorus 
can be utilized to produce pure gas at 
a slightly increased cost for purifying 
material. 

(To be continued.) 
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rite ole OLIN GINE: 


—— 


HE demonstration of the working 
of the “ Diesel” Oil Engine, 
which took place at the works 

of Messrs. Scott and Hodgson, of Guide 
Bridge, Manchester, last week, must be 
regarded as an event of more than 
ordinary importance, for not only is this 
the first ‘“‘ Diesel’’ engine made in this 
country, but also the first one of its 
kind ever constructed on the two-stroke 
system. In other countries ‘“ Diesel” 
engines have been built on the four-cycle 
or ‘‘Otto”’ system, but in this instance 
practically double the power is obtained 
with the same size cylinder. There is 
no doubt that the ‘‘ Diesel”’ engine, from a 
scientific standpoint, is a distinct advance 
on ordinary practice in oil engine 
construction. 

It is doubtful whether the economic 
working of an ‘‘ Otto”’ engine can be im- 
proved to any appreciable extent by 
still further increasing the compression 
before ignition, because the charge is 
liable to explode in a hot cylinder before 
the completion of the compression stroke. 
Instead of drawing in a mixture of air 
and oil vapour and then compressing it 
the ‘‘ Diesel”” engine compresses the air 
by itself to over 500 lb. per square inch, 
thus raising the temperature to some- 
where near 1,000° F., and then into such 
compressed air is sprayed the required 
amount of oil, when combustion takes 


place, producing the desired mechanical 
effect: therein lies the principal novelty 
There is con- 


of the ** Diesel ” engine. 


APPARATUS FOR STARTING THE ‘‘ DIESEL” OIL ENGINE. 
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siderably more air let into the cylinder 
than is necessary for the complete com- 
bustion of the oil, the object being to 
keep the temperature within reasonable 
limits. How complete the combustion 
was, was demonstrated at Guide Bridge 
by placing a sheet of white paper over 
the exhaust, and keeping it there for a 
considerable time without its becoming 
soiled. 

In the two-cycle horizontal engine 
illustrated in our _ frontispiece, the 
combustion takes place every alternate 
stroke of the piston, which equals one 
power stroke to each revolution. The 
engine has a cylinder diameter of 77 in., 
a stroke of 10? in., and gives 1g b.h.-p. 
at 210 revolutions per minute. When 
we saw the engine at work, it ran 
very smoothly, and without excessive 
noise. It was at the time driving a line 
of shafting and developing about 15 h.-p. 
The illustration would show it to be 
somewhat complicated ; but this is more 
apparent than real, and we believe there 
is nothing in this connection to retard 
its progress, and on the two-stroke system 
there does not appear to be any practical 
reasons why the ‘ Diesel’’ oil engine 
should not be made for comparatively 
large powers. 

We also reproduce a photograph of 
the apparatus for starting the engine, 
which we have seen working very satis- 
factorily; in fact, on the occasion to 
which we refer, the engine was started 
in something under eight seconds. This 
device works in this way: The engine 
is fitted with a small pump, which stores 
air in the two largest cylinders at about 
600 lb. pressure per square inch. This 
is sufficient to run the engine for a few 
revolutions independently of the oil 
feed, which is for the moment out of 
action. When the engine is fairly 
running, and can compress its own air 
in the cylinder to over 500 Ib. to fire the 
charge, the oil inlet valve is thrown into 
action, and the usual cycle of operations 
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are performed, and the starting cylinders 
automatically recharged to their original 
pressure. 

What of oil consumption? On this 
point, in regard to the Manchester 
engine, there is, as yet, no data available, 
but we hope to be able to give some in 
an early issue. As to what has been 
done on the Continent and America, 
however, we can inform our readers. 
The Augsburg Manufacturing Company 
guarantee that ‘‘ Diesel’’ engines of any 
size made by them will work with 
‘452 lb. of solar oil or of crude petroleum 
per b.h.-p. hour, and at half power 
the consumption will not exceed *520 Ib. 
Lord Kelvin says, ‘‘ Diesel has actually 
obtained 58 per cent. more work than 
any that had been given, from the same 
weight of oil, by any of the best oil 
motors previously made.” From a 
report by Prof. Unwin, we learn that ‘it 
works with about five-eighths as much oil 
as the petroleum engines hitherto *con- 
structed.” Prof. E. Meyer, in a report 
informs us that when using raw Tegern- 
see oil, of a specific gravity of *789 at 
68° F., an engine he tested consumed 
‘467 lb. at normal load, -488 Ib. at three- 
quarters load, and °567 lb. at half-load. 
Somewhat similar results have been 
obtained by such experts as Professors 
Schorter, Zeuner, Hartmann, and Den- 
ton, who all affirm that this engine 
consumes about 50 per cent. less oil than 
any other engine. 

The company owning the patent 
rights of the ‘“ Diesel’’ engine in this 
country is the Diesel Engine Company, 
of 171, Queen Victoria Street; E’Cy, 
and we shall follow with considerable 
interest the lines on which they will 
proceed to develop this remarkable 
engine. The general opinion seems to 
be that its greatest scope lies in the 
direction of powers over 100 horse, but 
we think this is a matter which can only 
be determined by actual experience in 


building. 
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New Machinery, Appliances, Etc, 


RADIAL DRILLING MACHINE. 

E illustrate an up-to-date Radial 
Drilling Machine by Messrs. 

Ward and Haggis, Keighley. 

This machine has been specially de- 
signed with a view to handiness in work. 
It consists of a strong table or bed with 
T slots on the top, and down the front 
side. On the arm slides the drill head 
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down a rod at the back of the drill car- 
riage. It is also provided with quick 
down setting and withdrawing motion, 
the self-acting gear being disengaged by 
means of excentric socket, which, at the 
same time that it disengages the self- 
acting feed, brings into gear two spur 
wheels, which gear direct into the rack 
pinion shaft, by means of which one 


RADIAL DRILLING MACHINE, BY WARD AND HAGGIS, KEIGHLEY. 


is adjustable by rack and pinion and 
hand wheel. It is fitted with steel spindle 
working in large cast iron socket 
with conical bearings, provided with 
check nuts to take up the wear. It has 
self-acting and hand-feed motions by 
means of the three-speed cone and rack 
and pinion, is provided with ball bear- 
ings to take the pressure of the cut, and 
is balanced by means of weight sliding 


revolution of the hand wheel on feed 
shaft raises or lowers the spindle four 
inches, thereby dispensing with any un- 
sightly levers, etc., as well as making the 
tool very handy. The spindle can be 
stopped, started, and reversed, by means 
of the clutch on drill head without inter- 
fering with the overhead motion. This 
clutch when thrown out also disengages 
the feed motion (which is not the case 
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with many machines) thereby preventing 
breakages of drills, etc. The arm can 
be turned through a complete circle by 
means of a worm and worm wheel, and 
is raised and lowered by power by means 
of reversing gear at the top of the pillar 
and screw, the handle for operating 
same being within easy reach of the 
attendant. 
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upon this type lately, and a good num- 
ber are at work, and giving every satis- 
faction both for steam raising and boiling 
in breweries. It must be clearly under- 
stood that the “ Juckes” furnace has 
always been designed for consuming 
small coal or slack, and is generally 
worked without blowers or steam jets. 
Fig. 1 shows one of these as erected 


FIG. I.—SHOWING THE MOVABLE GRATE AND MECHANISM OF THE TUCKE Si: FURNACE, 


SHES J UCKES Br URNAGE 
HERE is quite a remarkable 
number and variety of mechant- 
cal stokers and fire grates in 
use at the present time, each maker 
endeavouring to construct their appara- 
tus automatic as far as possible. Some 
of these work exceedingly well for a 
time, but in the majority of cases some- 
thing eventually goes wrong with the 
géeat,on the» state bums outwancsrne 
user is glad to return to the use of the 
common grate with plain fire bars and 
hand firing. However, there are a few 
that are fairly satisfactory, and amongst 
these none is constructed upon better 
principles than the old “ Juckes” furnace. 
Great improvements have been made 


in the fitting shop of Messrs. Richard 
Moreland & Son, Limited, London, who 
are one of the earliest makers, and whose 
improvements in the last few years have 
added considerably to the value of the 
furnace. Fig. 2 shows a similar furnace 
to Fig. 1 as fitted under brewery cop- 
pers. It will be observed that the fire 
grate is in the form of an endless chain 
(in this case six feet wide) which passes 
over a drum at each end, the front drum 
being the driving one. The grate can 
be regulated in speed from fifteen to 
twenty-five feet per hour to suit the 
quality of fuel, or thickness of feed to 
grate. A hopper in front of the fire 
door is kept filled with fuel, and the 
door, which is the same width as the fire 
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erate, can be regulated by hand to give 
whatever thickness of feed desired, 
and the fire grate continually moving 
drags the fuel under the bottom edge of 
door. Any clinker formed on the grate 
is carried under the bridge at the back 
end. ‘This is first cooled by water tubes, 
and finally broken up when turning over 
the back drum into the ash pit. As 
already stated, both the feed door and 
the fire grate can be regulated so as to 
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FIG. 2.—"‘ JUCKES”’ FURNACE AS FITTED TO BREWERY COPPERS. 


insure perfect combustion. The writer 
has seen three of these furnaces con- 
nected to one chimney with no smoke 
being emitted. Fig. 4 shows a “ Juckes”’ 
furnace as fitted to a Lancashire boiler 
for steam raising, and Fig. 3 as a dust 
destructor. This type of furnace is re- 
garded by many engineers as an ideal 
one for dealing with towns’ refuse, and 
the writer believes that 
more into favour. 


it will come 
At present the main 
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objection is its first cost, but considering 


FIG, 4.—SHOWING “TUCKES’ FURNACE FITTED TO A LANCASHIRE BOILER 


that it will work without stoppage for 
repairs for from three to five years, this 
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alone should be sufficient to warrant its 
use in this connection. A cremator is 
shown fitted in Fig. 3 for dealing with 
infected bedding, etc. It will be ob- 
served from the. illustrations that the 
‘““ Juckes ” furnace can be run out clear 
of the boiler or destructor, a point which 
minimises trouble in case of necessity 
for repairs or examination. 


WILLIAM Shits 


ENGINEERING NOTES. 


AD 
Sewage Disrosal. 

We have been requested to state that 
the Atcham authorities, through their 
surveyor, Mr. J. Morris, have been 
making inquiry into the various methods 
of sewage disposal, with a view to the 
adoption of a scheme; and after visiting 
a number of sewage purification works, 
Mr. Morris reports that he considers the 
best systems are those in operation at 
Reigate and Oswestry. He gives the 
preference to Reigate for its greater 
simplicity, it being an oxidizing bacterial 


system, combining Candy Automatic 
Sprinklers and  Intermitters upon 
Polarite beds. 

dl Ad bd 


“* Karmal” Packing. 

In the High Court, before Mr. Justice 
Farwell, on the 26th February last, the 
Frictionless Engine Packing Co. Limited, 
of Manchester, makers of the well-known 
‘‘ Karmal” engine packing, obtained an 
order against Bell’s Asbestos. Co., 
Limited, restraining them from applying 
the word ‘ Karmal” to any engine 
packing manufactured by or for them. 


- 4 °° 


Interesting to the Ice Trade, 

The rapid development of the ice 
industry has created a demand for ice- 
crushing machinery that will supply 
large quantities of crushed ice at short 
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notice. A new illustrated catalogue is 
sent us by Messrs. David Bridge & Co., 
of Castleton, Manchester, dealing par- 
ticularly with their specialities in con- 
nection with the ice trade. In it will be 
found descriptions of their power and 
hand crushers, ice elevators and con- 
veyors, power and hand ice saws, ice 
tools of every description, power and 
hand overhead cranes, pulley blocks, 
monkey carriages, lifting tackle, patent 
superheaters and smoke _ preventing 
apparatus, automatic steam dryers, oil 
separators, oil filters, and steam cylinder 
lubricators, automatic water softening 
and purifying plants, etc. It is a useful 
booklet, and nicely got up. 

“Little Giant” Pneumatic Tools, 

The Standard Pneumatic Tool 
Company, of Chicago, manufacturers 
Cimioemelittie Giant ‘air ‘tools and 
appliances, have moved their New York 
office from 619, Washington Life Build- 
ing, to more commodious quarters at 
611, 612, 613, of the same building, this 
being necessitated on account of the 
very great increase in their business in 
eastern and foreign territory during the 
past few months. All shipments for 
customers in the district just mentioned 
will be made from New York instead of 
Chicago, thus expediting delivery of 
machines. Most of our readers are 
probably aware that the makers of these 
excellent labour-saving tools for Great 
Britain are the International Pneu- 
matic Tool Co., of Westminster Palace 
Chambers, London, S.W. 


Indicators and Pressure Gauges. 

Owing to the increasing demand for 
their steam engine indicators, pressure 
gauges, and other steam specialities from 
London and the South of England, 
Messrs. T. S. McInnes & Co., Limited, 
have opened an office at 113, Fenchurch 
Street, E.C., and have also arranged 
for a stock being held at that address. 


. sewage having 
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Galloways Limited. 


We understand that Mr. Herbert 
Lindley, late of Browett, Lindley & Co., 
Limited, of Patricroft, has accepted the 
position of general manager to Galloways 
Limited, Manchester, who are taking up 
the construction of high-speed engines 
for electric installations. 


Sanitation at Country Seats. 


An interesting installation for purifying 
the sewage, slops, and refuse lquids 
from a country house in North Devon, 
desionedeabyeevir. A. 5S. Goodridge: 
ALK. bay ctabath, has recently been 
put into operation, the analytical figures 
showing remarkable results, the effluent 
from the polarite beds being reported 
upon by the City Analyst as follows :— 
‘‘T hereby certify that having analysed 
a sample of water received on the 4th 
day ofsfanuary, 1901, tron) Mr.7A. >. 
Goodridge, I find the same to contain 
the following :— 


SU re Gea CaO ie det nod 

Albuminoid ammonia (grs. 
xe? eas leek hn a ee eee 

Oxygen required to oxidize 
decomposing matters ... None. 


‘* This is a pure sample of water ; no 
hesitation need be felt in using it for 
domestic purposes. It contains very 
small traces of soluble organic matter.” 
These results were obtained by an ox1- 
dising bacterial bed composed of coke, 
sand,and 6 tm. of polarite, the crude 
been merely passed 
through strainers and an open inocula- 
tion tank. It is all disposed of before 
any putrefaction takes place. The treat- 
ment, it will be seen, is of the simplest 
kind, the use of polarite enabling the 
sewage at a trifling expense to be 
converted into. practically ‘“‘ pure 
water.” 
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A Note for Electrical Firms, 

In connection with their resistance 
materials and their speciality, ‘‘ Beacon”’ 
wire, Messrs. W. N. Brunton and Son, 
Wire Mills, Musselburgh, Scotland, 
issue a booklet of more than ordinary 
value, inasmuch as it is believed to be 
the most complete list on resistance 
materials as used by electrical engineers 
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that has yet been produced by any firm. 
It contains some most useful data, and 
should be filed for reference in every 
electrical engineer’s office. The booklet 
is bound in a red cloth cover, and inter- 
leaved with a few blank pages, so that 
engineers using same may make any 
special notes of their own regarding 
resistances. 


NEW PATENTS. 


(Selections from recently published Patent specifications. Complete copies may be obtained at the Patent Office Sale 


Branch, 25, Southampton Buildings, Chancery Lane, W.C. 


ret c. 


No. 17,074 of 1900. L, Camont, of France,’ 


Price 8d, each.) 


art 


‘opposite the first-named drums, with 


for “ Metallic Packing for Stuffing-boxes 31 Fad¥uin§ Pivollers fixed to it or integral 


The metallic packing consists of a 
ring or series of rings and intermediate 
washers of a suitable soft metal, with 
internal and external grooves, the form 
and depth of which are arranged to 
produce contact and tightness between 
the intermediate or flat parts of the 
packing and the shaft or rod, on the 
gland being tightened up by nuts of 
the stuffing box. The bore or internal 
diameter of the rings is larger than that 
of the shaft or rod, and the said rings are 
provided with lateral notches, in which 
a tool is adapted to be introduced, to 
allow of their easy extraction. 
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No. 17,182 of 1900. A. Riegel, of Paris, for 
“ Speed-reducing Gear for Steam Turbines,” 

The speed-reducing gear for steam 
turbines and like high-speed motors 
consists 1n providing electro-magnetic 
drums on a receiving shaft, mounted 
parallel to the transmitting or turbine 
shaft, and providing the latter shaft, 


therewith, a flexible and constant con- 
tact between the facing drums _ being 
ensured by means of flexible or elastic 
supports. 
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No. 491. “Petroleum Motors,” R, Lucas, 
of Greenhall, Forest Row, Sussex. Dated 
January 9th, 1900, 

In order to obtain an accurate feed 
of petroleum into the engine a needle 
valve is used, opened by the action of 
the vacuum, caused by the engine piston, 
on a diaphragm attached to the needle 
valve, and adjusted by the tension of a 
spring on the diaphragm. In order to 
entirely cut off the feed at any moment, 
this vacuum is released by opening the 
engine to the air by means of a valve. 


~~ 


EDITOR’S NOTE. 


‘¢REVIEWS OF Books” have had to be 
held over owing to want of space. They 
will be resumed in our next issue. 
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INTRODUCTION. 


FE give expression to what we feel 
to be the general concensus of 
opinion when we say that to-day 

no matter is so powerful a factor in con- 
tributing to the welfare of nations and 
of communities as is that of transporta- 
tion. The beneficial results which have 
followed the liberal extension of systems 
of locomotion are present wherever this 
enlightened policy has been judiciously 
acted upon. 

The censorial sage, when he takes a 
general purview of these latter days and 
their commercial haste, shakes anxious 
head and apprehensively remarks, ‘ All 
the world’s in a hurry. Nemesis takes 
her walks within the wake!” But this 
hurry and this fever-heat within the 
lives of men, though not in themselves 
unmixed blessings, must be regarded as 
inevitable, and as the primal character- 
istic, perhaps only temporarily, of our 
evolving civilization. Men travel more 
to-day than ever they did before in the 
whole history of the world, and when 
men are trying to crowd two days’ work 
into twenty-four hours the necessity for 


efficient and speedy transport from place 
to place is increasingly imperative, if 
modern conditions are to be coped with. 
The telegraph and the telephone have 
become part and parcel of every-day 
existence, but their development has 
never detrimentally affected the great 
systems of rail and road communication. 
Rather have they had an opposite effect, 
acting as a stimulus to still greater pro- 
gress 1n locomotion, and in industry in 
general. Neither the efficiency nor the 
extent of the wire service has been such, 
we imagine, as to render it possible or 
politic for any pushing business house to 
‘‘cut”’ the travelling expenses account. 
They who under-estimate the import- 
ance of giving adequate patronage to 
the modern systems of transportation, 
like those who pooh-pooh the policy of 
advertising, are bound to be the losers 
in the race, for do they not think to win 
astride a lame and panting steed while 
their rivals elect the evolation of the 
iron horse ! 

We English have well earned the 
appellation “the nation of shopkeepers,” 


ah 
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and to maintain that reputation and reap 
its accruing advantages we shall have 
to become more and more a nation of 
travellers. Is it not a fact that those 
who have gone the deepest into the 
question of our industrial supremacy 
have attributed our shortcomings, what- 
ever they may be, as in a large measure 
due to our want of proper acquaintance 
with the developments taking place in 
other lands ? 

But it is hardly the present wish of 
the ENGINEERING TiMEs to detail the 
manifold benefits which transport con- 
fers upon a people, whether socially, 
industrially, or from any other point of 
view. That is writ in letters of gold in 
the historic records of the progressive 
advance of the entire civilized world 
during the Victorian Era. Rather what 
we desire to do in this special Railway 
Number of our magazine is to indicate 
from the pens of eminent experts what 
are the matters of paramount import in 
connection with the rail and tramroad 
services of the world at the present 
moment, the latest difficulties and phases 
of so enormous a problem, and to bring 
forward some of the most recently 
devised means or suggestions for en- 
abling locomotion authorities to give to 
the world something even better than 
their present best. 


Steam Locomotion on Railways. 

To us who are living in the United 
Kingdom at the beginning of the 2oth 
century, in the first year of what pro- 
mises to be the brilliant reign of His 
Majesty King Edward VII., it is diff- 
cult to even imagine what the position 
of our forefathers was a hundred years 
ago in relation to this matter of com- 
munications. The year 1801, without 
a single line of railway, had much in 
common with 4000 years B.c., when 
Pharaoh blundered with his chariots 
and horsemen into the Red Sea, and 
on a small scale this kingdom must 
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have borne a certain resemblance «to 
the land of the ‘‘ Heathen Chinee” of 
to-day, a land rich in coal and mineral 
wealth, but without the transport 
facilities requisite to enable its own 
or any other people to turn them to 
account. 

How true it is that the pioneering 
work of Trevithick, of Blenkinsop, of 
Hedley, and of Stephenson was the 
foundation stone upon which was to 
be raised a glorious edifice! But how 
true also is it that to a hundred subse- 
quent workers of equal patience, and in 
the same field of practical research, we 
owe the thousand and one developments 
which have raised it from its primitive 
‘‘ Puffing Billy” condition of 1804 to 
the efficient condition in which we find 
it to-day |! 

From 1804 to the commencement of 
the Victorian Era, whose last and best 
and well-filled page we sadly turned 
over but a few short months ago, may 
rightly be regarded as the initiatory 
and experimental period. In fact, the 
growth and extension of our railways 
began just a tew years before that 
Royal Lady ascended the throne. In 
1830, it is true, the Liverpoolieand 
Manchester line was opened, but it was 
not until 1836 that railways became a 
subject of commercial speculation. In 
that year, however, the public became 
suddenly possessed with the idea that 


both industrial progress and _ social 
development would be furthered by 
building railways, and undoubtedly 


from that moment the United Kingdom 
entered on a period of mighty develop- 
ment. By 1844 some 2,000 miles were 
operating for traffic, and then it seems 
the flood-gates of speculation burst wide 
open. A mania, the like of which in 
the feverish frenzy of investors had not 
been seen since the days of the South 
Sea Bubble, possessed the kingdom. 
And where do we stand to-day as the 
result ? 


Introduction, 


We do not propose to enter laboriously 
into statistical information, but it will 
be of interest to cite briefly the figures 
relating to English railways at the end 
of 1899, the latest figures available, we 
believe. The Board of Trade returns 
showed that there were 11,977 miles of 
double line, and 9,723 miles of single, 
Orme amiotal mileage of 21,700 in the 
United Kingdom. Upon these lines 
aS many as 20,461 locomotives were 
working ; the number of ordinary 
passengers carried was between 1,106 
and 1,107 millions, and the minerals 
and merchandise conveyed represented 
nearly 414 million tons. 

Sixty years ago, what were the 
figures? One thousand eight hundred 
miles, carrying eighteen and a _ half 
millions of passengers, and about five 
million tons of goods! 

And we must not lose sight of the 
fact that all the great engineering and 
industrial progress of which we, as 
Englishmen, are so proud, has run 
concurrently with or followed quickly 
on the very heels of transportation 
developments. Surely may it be said 
that the railway, with its handmaid the 
telegraph, has brought the ends of the 
earth together, bringing man more 
into touch with man, and mind with 
mind! Those who are so _ inclined 
would doubtiess find it a very in- 
teresting study to investigate the exact 
science of the responsibility of railway 
progress for all the other mental, moral, 
and social achievements of import- 
ance which had their birth during the 
period. 

In the early days to which we have 
just referred England took a long lead 
in advance of the rest of the world. 
‘‘ Where do we stand to-day?’’ What 
is the position of the British locomo- 
tive builder, rolling stock, and other 
plant manufacturer in regard to the 
vast business which a peer through the 
curtain of the future shows us to be 
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rapidly approaching ? Sensational news- 
mongers may flap their wings if they 
will, and with a hue and cry spit sparks 
and tell all the world that the British 
manufacturer can’t do this, can’t do 
that; cant ‘do adhe other. In ‘some 
respects, perhaps, we have to admit 
‘“’Tis true, tis pity; pity ’tis, ’tis true!”’ 
but the manner of blasting forth the 
message is itself a stumbling-block. 
We fancy that these excited clamourings 
for cheap newspaper notoriety will do 
our railroad industries no good; rather 
will their effect be directly opposite. 
Close consideration, matured and de- 
liberate opinions formed by _ the 
manufacturer himself, or by the expert 
railroad official—these are a thousand- 
fold more consequential and trustworthy, 
but unhappily their pronouncements are 
too often drowned by the cries of the 
excited sensation-seeker of the gutter- 
press stamp or complexion. Of the 
plain unvarnished truth the railway 
engineer is not ashamed, but these 
mangled untruths continually appearing 
in some daily papers concerning foreign 
competition make him blush for shame 
of the very tellers of them. 

American and other foreign com- 
petition is undoubtedly a factor to be 
reckoned with, more particularly in the 
equipment of Colonial and Indian rail- 
roads (a section of the subject to which 
we shall refer directly), and general 
electrical engineering. But to say that 
engineering England is, in general, 
behind Germany, America, and other 
nations is foolishly untrue. Our shops 
are full with orders, and there is every 
indication that they are lhkely to re- 
main so. 

One point to which we think British 
locomotive builders should pay regard, 
in their own and our national interests, 
is the very serious one of boiler efficiency. 
As Mr. C. Rous Marten shows in his 
article on ‘*‘ Modern British Locomotive 
Practice,” British made engines are still 
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unsurpassed in many important respects 
throughout the whole world, but in 
haulage strength they appear to be 
somewhat deficient. It is satisfactory 
to remember that a couple of years 
ago our engineers proceeded to build 
locomotives with more boiler power, 
but it se2ms that even now we have a 
considerable advance to make in this 
direction. 


Liquid Fuel for Locomotives. 


Fuel, to a steam railway, is its staff 
of life; but some of our eminent loco- 
motive engineers are hopeful of better 
results by feeding them on liquids instead 
of solids. Nearly all locomotives running 
on English lines consume coal, but it is 
interesting to remember that liquid fuel 
is largely in favour in countries where 
there is a plentiful supply of petroleum, 
notwithstanding the closely competitive 
prices of wood and coal. This fact, in 
Mr. Holden’s view, points toits efficiency 
and desirability. Fast trains are con- 
tinually increasing the length of their 
runs, and one of the chief difficulties in 
connection with them is the fire, which 
has to be continuously urged, and, in 
consequence, becomes choked. Prac- 
tical working on the Great Eastern 
Railway shows that with oil-burning 
locomotives this trouble does not exist, 
the supply of fuel being regular and 
continuous, and entirely free from resi- 
due. Asan example of the actual results 
which he has obtained, it is noteworthy 
that one of Mr. Holden’s engines was 
in steam some twenty-four hours without 
the fire being touched during the whole 
of the time. The enterprise of this 
English railway engineer is worthy of 
being closely watched by engineers of 
other lines. 


Railway Enterprise in the Colonies, 
Reverting to the general question of 

railways, it is interesting to take a glance 

at the present condition of railway com- 
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munication in certain of our colonies 
and foreign dependencies. Give but a 
thought to our great Indian Empire with 
its teeming millions of population. Itis 
true that there are many things 1n con- 
nection with the working of railways 
in that part of the world which one 
would like to see improved upon. The 
difficulties have been and are still 
enormous, but we have every confidence 
in the efforts which are now being put 
forth to hasten the dawn of better days. 
A work of such vast proportions will 
take many a long year, but the better- 
ment of India is one of the great tasks 
shall master during the 
twentieth century, and in gaining that 


which we 


mastery material assistance will be ren- 


dered by locomotion. Happily there is 
a plentiful water supply in certain parts 
of that ‘‘Continent,” and this will permit 
of the introduction of railways operated 
by hydro-electric installations in places 
where the fuel difficulty would have been 
very great indeed. No doubt before 
very long we shall pass the stage of 
mere conjecturing and scheming in 
this matter, and shall have long narrow- 
gauge railways such as the 180-mile 
Kashmir electric scheme—which has 
engaged the attention of the Indian 
Government for some time—in practical 
working. The problem of locomotion 
in India seems to be mixed up in an en- 
tanglement of a thousand other problems 
connected with the future well-being 
of such vast and pecuharly conditioned 
territory, but sooner or later, with the 
natural evolution of things, the advance 
of India will create enormous possi- 
bilities for the construction of standard 
and narrow-gauge lines. 

The outlook in Africa is also worthy 
of mention. As a nation we have 
expended over a hundred and_ fifty 
millions sterling upon a conflict whose 
main object is now practically achieved. 
When the great territories affected are 
brought to a condition of lasting peace 


ie 
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and order, we may expect the existing 
and new railways to co-operate very 
largely in the evolutionary working out 
of great industries—industries such as 
our nation and our Empire must depend 
upon more and more as time goes on. 
For the time being, permanent railway 
progress in South Africa has been, of 
necessity, delayed, but herein we find 
an assurance that it may burst forth at 
a ten times greater rate when it becomes 
politic for us to stay actual hostilities. 
Farther north, however, there is nothing 
hindering Enghsh railway men in the 
working out of wonderful achievements. 
The Mombasa undertaking, the Cape- 
Cairo, and schemes of like importance, 
great as they are, may be described as 
practically the cutting of the first sod 
of a wonderful network to be laid down 
in all directions in the near future. In 
regard to Australia, the Philippines, 
Cioa ee iussia., Manchuria, and so on, 
the same prospect is spread out, and 
these things are signs that the next 
generation or two will have an elephan- 
tine task before it, if railroads are to be 
introduced, as necessarily they must be 
if the world is to be opened out for 
commerce in accordance with principles 
to which civilized nations are professing 
adherence. 


Application of Electricity on Railways. 


Electrical engineers who have already 
applied electricity to the operation of 
short length lines are fondly hoping 
for the working of trunk railways by 
the same form of power. Railway men, 
on the other hand, though open to con- 
viction when the practical proofs are 
available, are very sceptical upon the 
point. No one disputes for an instant 
the success which has accompanied the 
application of electrical working to the 
London underground railways, con- 
uctedmonatie tube «~~ System, and 
the very satisfactory results obtained on 
the Liverpool overhead railway lke- 
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wise are not open to question, but the 
operation of long systems of heavy 
trains electrically is a very different 
problem. The managers and engineers 
of several of our great railway com- 
panies have quite recently been investi- 
gating the entire question, and we may 
confidently hope that within the next 
few years as electrical traction engineer- 
ing develops, a decided advance will 
be made in electric railway working. 
The _ latest America, 
Switzerland, Austria, and Italy seems 
to lend weight to this view. 

Before we leave this section of our 
subject we cannot forbear reference to 
the great part played by the British 
nation in that very essential feature of 
our latter-day life in London—the under- 
ground railroad. When we call to mind 
the City and South London Railway 
of 18go0, the first railway of its kind in 
the whole world, also the subsequently 
opened Waterloo and City and Central 
London systems, and when we remem- 
ber that they have taught Americans 
and Continentals how to do this thing, 
we conjure up before us the form of one 
who went to his rest, as it seemed all 
too soon, in the year 1896. J. H. Great- 
head revolutionized our systems of 
tunnelling, and by his world-renowned 


experience sill 


shield made underground tube lines 
commercially practicable. To-day the 
world recognizes only in part what a 
Great edebt it sowes, to him. [hese 
underground railways are a tribute to 
the pioneering pluck of the British 
engineer, and when we say this, it 1s in 
presence of the fact that the electrical 
equipment of one of them is American. 
While the world is saying so much 
about what our rivals are doing, let it 
not forget what England has done and 
is still doing in this direction. 


The Light Railway and the Tramway. 


Up to this point our remarks have 
been devoted to heavy railway working, 
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but that is really but a portion of our 
subject, for the light railway and the 
tramway are to-day, in serving local 
needs, every bit as important. Tram- 
way progress has not, however, forged 
ahead in this country with anything like 
that speed which should have charac- 
terized it. The Tramways Act of 1870 
has stood in its way very seriously, a 
fact which most of those who have an 
interest in tramway enterprise are now 
endeavouring to drive home to the 
minds of our legislators. It was thought 
that the Light Railways Act of 1896 
would lghten the burden of the pro- 
moter, and it is true that many a good 
scheme came forward. Some have got 
through, but municipal opposition and 
a variety of causes have militated against 
progress being made with many, with 
the result that to-day we find tramway 
authorities engaging in a very necessary 
agitation to removeat least some of their 
present legislative disabilities. The 1896 
Act was supposed to apply to light rail- 
ways, but any one who has watched 
what has followed under the administra- 
tion of this Act is fully aware that many 
of the undertakings have been electric 
tramways pure and simple. 

The question ‘‘ What is a light rail- 
way?” is certainly a very interesting 
one, but we are afraid it is one as to 
which no really definite or general 
understanding appears to exist as yet. 
One piece of legislation which seems to 
be very necessary for the proper and 
fair development of tramway _ enter- 
prises 1s an Act which, while conferring 
the advantages of the Light Railways 
Act as to time and cost, shall render it 
quite impossible for useful tramway 
schemes to be ‘‘scotched”’ purely because 
such and such a municipality whose area 
is touched affects to oppose. A modifi- 
cation of the municipal purchase clause 
is also a matter of urgency. 

We find it difficult to agree with the 
views expressed by certain extremists 
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that electric tramway progress has been 
delayed mainly because municipalities 
have chosen to take such work in hand. 
In nearly all the larger cities of the 
country extensive electric systems are 1n 
operation, or being rapidly laid down, and 
municipal money is spending very freely 
just now upon this very worthy object. 


Electric Traction and the Housing” Problem, 


Electric traction and the ‘‘ housing ”’ 
problem are questions practically bound 
up together, and we venture to believe 
that if allowed free scope the former 
would goa very long way in the direction 
of solving the latter. Toa great extent 
the relief should follow automatically 
upon the introduction of a wide-spreading 
network of cheaply operated electric 
lines running in all directions. With 
such a service the towns are bound to 
spread, and push the suburbs farther 
out, increasing residential accommoda- 
tion. Sir Douglas Fox has had special 
facilities for investigating the problem, 
and he joins with Mr. Booth in empha- 
sizing the urgent need for improved 
inter-communication between different 
parts of the metropolis and the suburbs. 
The operation of electric street cars 
and steam railways has, in several cases, 
been followed by a general movement 
of the working classes out to the areas 
covered by them. The underground 
electric railway schemes are conveying 
vast traffics, and others which are now 
constructing will find large business 
awaiting them when they are completed. 
A few months ago there appeared to be 
more or less of a mania for tube schemes, 
and if a fair proportion of those conjec- 
tured at that time are actually carried 
through there need be no fear of the 
great electric tram schemes of the 
London County Council. being affected 
thereby, for every new line induces a 
large amount of traffic which did not 
exist before. One thing that is to be 
devoutly wished for is the hastening of the 
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electrification of the Metropolitan and 
Metropolitan District lines. On this 
and other cognate matters Sir William 
Preece has something to say in this issue 
of more than ordinary interest and value. 


The Trolley and other Electric Tramway 
Systems, 

Sir Douglas Fox sees nothing to 
object to in the overhead trolley wire 
method of working cars, as in vogue 
at Dublin, Liverpool, Bristol, and forty 
or fifty other places in this country. 
The objections once raised to it from the 
platform of esthetic fancy have long 
been silenced by the practical operation 
of the system in these places on well- 
matured and efficient plans. For more 
central thoroughfares, whose already 
overcrowded state renders it essential 
that no method shall be introduced 
which may lead to additional obstruction, 
the trolley with its consequent poles and 
overhead work is considered to be quite 
out of the question. Where this is the 
case, if electricity is favoured as the 
motive power, open or closed conduits, 
or surface contact methods have to be 
duly weighed, and it is possible that 
eventually even the accumulator system 
may be practicable and find favour. In 
one or two Continental cities, within the 
town proper, batteries are employed, 
the overhead trolley being brought into 
play on the same cars where the sub- 
urban border is reached; but if unifor- 
mity of system for suburban and town 
transport is commercially practicable, it 
certainly is preferable to changing from 
one to another. So far as London is 
concerned an excellent system of trolley 
cars, owned by the London United 
Tramways Co., is now doing service 
in the western suburbs. The London 
County Council has decided to convert 
many of its horse-lines to the under- 
ground conduit principle in the busier 
streets, but in the suburbs it is intended 
that the trolley shall be made use of. 
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Other Mechanical Systems, 

There are, of course, a number of 
other mechanical methods for the opera- 
tion of street cars. Compressed gas, 
compressed air, running cable, and steam 
power are the systems which are to-day 
in practical working, though compressed 
air cars are not yet to be found on any 
English line. The main principles con- 
trolling their working are pretty familiar, 
and each system is claimed to possess 
its own special advantages; but any one 
who has followed the course of events 
in street-car propulsion during the past 
few years readily perceives that electric 
traction is the method most generally 
adopted to-day wherever speedy, fre- 
quent, and easily controlled street-car 
systems are needed. 


The Question of Gauge, 

One point of more than ordinary 
interest just now is the matter of uni- 
formity of gauge. Much is being made 
of this, and there are many who fain 
would induce our rulers to render the 
adoption of one particular gauge com- 
pulsory on all parties. We venture to 
think that it 1s easier for a tramway to 
accommodate a town or district witha 
suitable width of line and car than it 
is convenient for the town authorities 
to demolish buildings and widen their 
streets to meet the width of the tram- 
way. The cost of construction and 
equipment of standard gauge lines would 
render tramways out of the question for 
many places. On the other hand, a 
narrow gauge line for wide public 
thoroughfares in busy towns where 
millions of passengers are to be carried 
in the course of the year would often be 
a sheer absurdity. From the point of 
view of standardization of apparatus and 
car construction, to have uniformity of 
gauge is no doubt a distinct advantage ; 
also in respect of a group of towns 
which require inter-communicating ser- 
vice over a large network, awkward 
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breaks and changes would be avoided. 
But a hard-and-fast line for the whole 
kingdom we are not in agreement with, 
and we are glad to observe that the 
Government has expressed its inability 
to make any such stipulation, although 
it recommends uniformity wherever it 1s 
reasonably applicable. 


Electricity v. Steam on Suburban Railways. 
So far as the United Kingdom is con- 
cerned, the future extensions to our 
means of transport will consist of new 
tramways and light railways rather 
than in heavy railroad construction 
along enclosed ways. It is held by 
some experts that the existing branch 
railroads of the trunk lines will find the 
competition from these local electrical 
services somewhat embarrassing, and 
electric railway engineers forecast that 
for such suburban traffic these railway 
companies will call in the aid of elec- 
tricity to help them to effectually meet 
the rivalry. There are many branch 
suburban steam sections which are far 
from being financially successful, even 
without competition, and for some of 
these the same conversion is anticipated. 
Polyphase transmission, the energy being 
distributed on one of the known third 
rail systems, possibly with multiple unit 
equipment for the various carriages, will 
doubtless be the method adopted; or 
the same distribution system with hght 
weight electric locomotives as on the 
City and South London Railway may 
commend itself. The necessity for the 
protection of the third rail, or charged 
conductor, at public crossings ought 
not to be considered a material obstacle. 
Perhaps the Behr lightning express 
service, which seems to be nearing prac- 
tical realization between Manchester and 
Liverpool, will be useful in this field. 
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Pioneering Work, 

It is worthy of remark, before we say 
our final word, that it is between forty 
and fifty years ago since George Train 
was allowed to make a brief trial of his 
horse tramways at Westminster. He 
encountered much opposition of one 
kind and another, as all pioneers seem 
destined to do, and his rails had to be 
removed. But we look back upon 
Train’s labours to-day with gratitude. 
No doubt in those earlier days his 
attempts procured for him the reputa- 
tion of a maniac or dunderhead ; in fact, 
even now there are a number of im- 
portant English towns which we could 
mention which will not allow the 
‘‘disfiguring”’ of their quiet streets by 
any kind of tramway whatsoever at any 
price. In most places, however, we are 
more enlightened, and are now making 
up for lost time as rapidly as possible. 
The progress of the next ten years will 
be considerably greater than that which 
we have witnessed since the first West- 
minster rails were removed. 


Conclusion, 

In these few pages we have covereda 
vast and varied ground, yet have been 
able to do no more than merely touch 
the fringe of this matter of locomotion 
and its development to meet the needs 
of the first years of the twentieth 
century. But if perchance, by this 
weak effort of ours, we have been in 
any way able to enlighten those who 
have favoured us with their silent com- 
pany ; or if in our recital of the brilliant 
progress of the past and brighter promise 
of the future we have been enabled, with 
the co-operation of our many eminent 
writers, to place a sign-post here and there 
in the byeways of the subject, then our 
duty will not have been performed in vain. 


Editor. 
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RAPID TRANSIT IN LONDON 


IN RELATION TO 


THE HOUSING PROBLEM. 
By SIR DOUGLAS FOX, 


Past President Institution of Civil Engineers. 
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HE writer, having had excep- 
tional opportunities for many 
years as a director of the In- 

dustrial Dwellings Company, Limited, 
of studying the problems of over- 
crowding, and of the best means of 
affording improved accommodation by 
those employedin the metropolis, is in 
full sympathy with the views now very 
generally expressed, that improved 
intercommunication between different 
parts of the metropolis and the suburbs 
is urgently required. 


A most beneficent work has rosulfeer 


Tomimthe ~elforts of Sir Sydney H. 
Waterlow, Bart., the late Mr. George 
Peabody, Lord Iveagh, Miss Octavia 
Hill, and others. It has been con- 
clusively proved that, if unhealthy, 
overcrowded slums are cleared away, 
and a fair price only paid for their site, 
then, after reserving three-fifths of the 
area for playgrounds and open spaces, a 
far larger population can be well and 
comfortably housed, at no higher rents 
than were previously paid, and with the 
most excellent effect upon the health 
and morality of the community. The 
writer would urge that, in arriving ata 
fair purchase price for such sites, the 
neglect of the owners and lessees of the 
land in allowing the property erected 
thereon to become insanitary should be 
taken into account, and at least a con- 
siderable proportion of any loss from 
resale be made to fall upon them. 
Taking the work of the company 
above mentioned alone, it has provided 


blocks of dwellings scattered over the 
metropolitan area for nearly 30,000 
people, each tenement a complete house 
in itself, and fitted with the most im- 
proved sanitary arrangements. The 
average population in the area of 
greater London is about 60°g per acre, 
the population on these estates, after 
setting aside, as above mentioned, three- 
fifths of the area for open space, is about 
745 per acre. The average feat rate 
of the metropolis i is about 19°8 per 1,000, 
ising in-slum districts to 40 and 50 per 


ge ‘000, whilst i m these dwellings it stands 


at about 11°5 per 1,000, the birth-rate 
therein being somewhat below the 
average, Or aS 27°2 to 29°4 per 1,000. 
It is not proposed to discuss at any 
length the proposition that the London 
County Council should provide dwellings 
for the superabundant population. The 
object is an excellent one, even if the 
methods adopted are open to criticism. 
It has hitherto seemed impossible for 
the public authorities to deal with this 
subject without throwing burdens upon 
the rates, which must tend to foster a 
most undesirable spirit of dependence 
and pauperism. It is agreed, however, 
on all hands, by those who have studied 
the subject, that the present condition 
of thousands of slum dwellings is a 
prolific source of disease, immorality, 
excessive drinking, and early death. 
The ideal, for artizans employed upon 
manual labour, and therefore not requir- 
ing physical exercise to the same extent 
as do other classes, is that they should 
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live within half a mile of their work, have 
breakfast at home, work from 7.30 a.m. 
to 12 noon, if possible return home for 
dinner, and again work from I p.m. to 
5 p-m.,except onSaturdays. These hours, 
making 47 per week, have been adopted 
with great success in America, and are 
gradually being introduced into this 
country. The workmen’s wives, who 
at first raised objections to this change of 
habit, are now convinced of the benefits 
ofthe new arrangement. Unfortunately, 
in a vast city like London, where pro- 
perty near the centres of work is so very 
valuable, this ideal cannot be attained. 

Mr. Charles Booth has pointed out 
very forcibly, in his paper submitted to 
a conference held at Walworth, that 
improved intercommunication between 
different parts of the metropolis and the 
suburbs is absolutely necessary; but, 
whilst the London County Council may 
be the proper authority for tramways 
occupying the surface of the public 
streets, there are many and _ serious 
objections to such a public authority 
being entrusted with the construction 
and maintenance of underground tunnels, 
and the working of the traffic thereon. 

The first great move towards rapid 
transit was the construction of the 
Metropolitan and Metropolitan District 
Railways, resulting in an extraordinary 
increase of locomotion amongst the 
working classes of the population, and 
producing, by their competition, that 
improved omnibus service which very 
soon followed, and which has been 
gradually brought to as high a pitch of 
speed and comfort as is_ practicable 
with horse traction. 

It appears to the writer that an initial 
mistake was made (contrary to the 
expressed opinions of the then engineer 
of the Metropolitan Company, the late 
Sir John Fowler, Bart.) when junctions 
were permitted with the Inner Circle, 
and trains from the suburbs (belonging 
to various companies and introducing 
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an element of unpunctuality, which 
with the best management cannot be 
altogether avoided) were allowed to 
intermingle with the local service. It 
may be hoped that, with the too long 
delayed, but now impending introduction 
of electrical working on these two 
railways, may be combined the stoppage 
of all suburban trains at the nearest 
points of junction with the Inner Circle, 
and the construction at such points of 
well-considered exchange passages such 
as now exist at King’s Cross and Baker 
Street, by which passengers can readily 
pass from the outer to the inner system, 
and vice versi. As practically very little 
luggage is even now carried by the 
through trains, this exchange would 
cause but slight inconvenience, and 
would result in a saving of time even 
to and from the suburbs, whilst the 
Inner Circle service could be remodelled 
and immensely improved. With electric 
traction, upon the ‘multiple unit,” or 
some similar system, much more rapid 
acceleration and retardation can be 
effected (thus increasing the average 
speed, including stoppages, from 12 
miles, as at present, to probably 16 
miles per hour). Shorter trains with 
better means of entrance and exit than 
in the carriages on the present Metro- 
politan system, and an increased number 
of block sections, would result in its 
being perfectly practicable on this 
circular route (where no shunting is 
necessary) to run trains every 24 minutes 
each way during the busy hours, with a 
much reduced pressure at the stations, 
as compared with that which results 
from the present large train capacity 
and longer interval. Even this improve- 
ment, added to the construction of the 
authorised ‘‘ deep level” electrical line 
under the present tunnel from Earl’s 
Court to Mansion House, would only 
partially meet the requirements of the 
densely populated districts served by 
tieslanerircle; 
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The District Railway is now extend- 
ing from Whitechapel to Bow; but 
unless this branch is worked by ex- 
change, it will increase the difficulties 
of a frequent service. 

A new era opened when the City and 
South London Railway Company began 
to run its trains, followed by the Waterloo 
and City Railway Company, and, only 
iacimevyedreebyesthe: Central London 
Railway Company. 

The system of construction of cast- 


iron tunnels deep down in the London | 


clay, far below all cellars, sewers, drains, 
gas, and water-pipes, combined with 
the “ shield’ method of driving, followed 
by the ‘“ Greathead”’ plan of grouting 
under pressure to reduce settlement to 
a minimum, rendered these railways 
practicable from an engineering point of 
view. 

The report of the Joint Committee of 
both Houses of Parliament, which fully 
considered the subject in 1892, rendered 
them financially possible by recommend- 
ing that they be allowed to pass under 
the public streets without payment (in 
consideration of cheap workmen’s trains 
being provided), and that, where they 
run under private property without inter- 
fering with the surface, the companies 
should only be required to pay a 
reasonable sum for the easement, and 
not be compelled to purchase surface 
rights and good-will, which in London 
are of so costly a nature as to be 
prohibitive. 

This Committee expressed general 
approval of the following lines then 
proposed— 

Great Northern and City Railway ; 

Central London Railway ; 

City and South London Railway ; 

Waterloo and City Railway ; 

- Baker Street and Waterloo Railway ; 

Hampstead, St. Pancras and Charing 

Cross Railway (now the Charing 
Cross, Euston and Hampstead 
Railway), 
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as being required to relieve the over- 
grown passenger traffic along the chief 
thoroughfares, to provide for the natural 
expansion of London, and to check the 
congestion of our metropolitan popula- 
tion by facilitating cheap communication 
outwards to a circumference which tends 
constantly to recede. The Committee 
intimated that, in their opinion, these 
railways were only an instalment of 
what would be required to provide 
complete accommodation to meet the 
constantly increasing need of London, 
and they added the following very 
important remark, to which an interval 
of nearly nine years has given increased 
force: ‘* More such lines of communica- 
tion are required with existing suburbs; 
and there is growing need of their 
extension still further into the country, 
in order to meet the increasing necessity 
for the removal of portions of the 
population to a greater distance.” 
Since the date of that report, the follow- 
ing railways have been sanctioned :— 
The North-West London Railway ; 
The City and Brixton Railway ; 
The Brompton and Piccadilly Rail- 
way ; 
hes Great 
Railway ; 
The Deep Level District Railway. 
Adopting very low fares, a frequent 
and absolutely punctual service, and 
convenient rolling stock, combined with 
electrical working (thus avoiding the 
bad condition of the atmosphere due to 
the products of combustion from the 
steam locomotives on the Metropolitan 
system), the three railways already 
opened have proved a distinct advantage, 
especially to the working classes. 
Experience has, however, developed 
certain points upon which great improve- 
ments can be introduced into the 
railways upon this system already 
authorised, and about to be constructed, 
in order to still further improve, by a 
system of mechanical ventilation, the 


Northern and Strand 


260 


atmosphere in the tunnels, and, by 
strengthening the permanent way and 
avoiding concentrated load on driving 
wheels, to prevent the vibration in 
adjoining houses, which has created 
considerable opposition on some parts of 
the Central London Railway, where it 
runs near valuable residential property. 

The diameter of the tunnels on the 
straight has been already increased 
from to ft. on the first section of the 
City and South London Railway to 
11 ft. 84 in. (or a minimum of 11 ft. 6 in.) 
on the Central London Railway, and 
12 ft. 24 in. (or a minimum of 12 ft.) on 
the Waterloo and City Railway. In 
order, however, to facilitate the intro- 
duction of the ‘‘ multiple unit,” combined 
with a well-proportioned rail and ample 
headway in the carriages, a further 
increase probably to 12 ft. 6 in. minimum 
on the straight is necessary, and it is 
to be hoped that the Joint Committee 
appointed to consider the railway bills 
for London this Session will deal with 
this question, although it is now too 
late to establish absolute uniformity. 

The City and South London Railway, at 
present 54 miles long, although hampered 
by the small size of its original tunnels, 
and the consequently cramped dimen- 
sions of its rolling stock, has been the 
pioneer of this class of railway, and 
most of the initial difficulties arising in 
the introduction of new principles of 
construction and management have been 
overcome by its able engineers and 
manager. It has proved an immense 
boon to South London, and will shortly 
be extended to Brixton. Its extension 
to the ‘* Angel” at Islington will confer 
similar advantages on the northern side 
of the river. 

The Waterloo and City Railway, 
14 miles in length, which passes under 
the Thames, carries an increasing traffic 
between the Waterloo Terminus and 
the City, for which it was specially con- 
structed. It has, however, no inter- 
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mediate stations, and does not therefore 
benefit the district through which it 
passes. A station at Blackfriars would 
be a distinct improvement, as also the 
provision of lifts, at any rate at its City 
terminus, where passengers have now 
to walk from a depth of some 65 ft. 
below the street level. 

The Central London Railway, 62 miles 
long, running from Shepherd’s Bush to 
the Mansion House, hasevidently catered 
for a distinct want, as its traffic has 
been most satisfactory from the com- 
mencement, and is steadily increasing. 
It serves most important centres, such 
as Notting Hill, Lancaster Gate, Marble 
Arch, Bond Sreet, Oxford Circus, Hol- 
born, Chancery Lane, and the Post 
Office, and its system of lifts and trains 
has been most admirably devised to 
ensure punctuality and comfort to the 
passengers. The Company has followed 
the example of the Liverpool Overhead 
Railway in adopting a uniform rate of 
2d. per passenger for whatever distance. 
In Liverpool, however, the traffic is 
chiefly ,to and from the two termini 
from and to the centre, and therefore 
the average distance travelled is less 
than in London, where, at the busy 
hours, the trains are chiefly occupied 
with passengers travelling the whole 
distance or nearly so. Whether, under 
these circumstances, a uniform fare will 
answer, and whether the exclusion of a 
first-class carriage at a higher fare as 
adopted in Liverpool will prove satis- 
factory, can only be tested by actual 
experience. 

Another important tunnel railway is 
in course of construction, and now well 
forward, viz., the Waterloo and Baker 
Street, 5$ miles in length, which, start- 
ing from the ‘‘ Elephant and Castle,” 
and passing through Waterloo Station 
and under the river, will give stations, 
amongst others, at Charing Cross, 
Piccadilly Circus (with an exchange 
with the Brompton and Piccadilly and 
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the Piccadilly and City Railways), and 
Marylebone Terminus of the Great 
Central Railway, Edgware Road (with 
an exchange station there with the 
North-West London Railway, to be 
_ hereinafter described), and Paddington 
Station. 

The Great Northern and City Rail- 
way, 34 miles in length, running from 
near Finsbury Park through Highbury 
and under the New North Koad to 
Finsbury Pavement, is also well ad- 
vanced towards completion. In view 
of the possibility of this line being used 
hereafter for through passengers and 
for goods traffic, the tunnels are being 
constructed with an internal diameter 
of 16 ft., a dimension sufficient to 
accommodate main line rolling stock. 

The works on all these railways have 
been carried out without any material 
damage to property, except in a few 
cases in sinking the station shafts, and 
in putting in shield chambers prepara- 
tory to starting the actual shields. 
Considering all the surrounding circum- 
stances, this is a fine achievement on 
the part of the engineers and contractors 
concerned. 

There are at the present time au- 
thorised, but not yet carried out, the 
following tunnel railways within the 
metropolis. 

The Charing Cross, Euston and 
Hampstead Railway, 7 miles in length, 
the contract for which has been let, and 
which, commencing under the Charing 
Cross Station of the South Eastern and 
Chatham Companies, gives stations at 
Cranborne Street, New Oxford Street 
(exchange with Central London RKail- 
way), Tottenham Court Road, Euston 
Road, Euston Station (exchange with 
London and North Western Railway), 
‘Mother Red Cap,” Chalk Farm, Ade- 
laide Road, Belsize Lane, and High 
Street, Hampstead, with a branch under 
the Camden Road to the Kentish Town 
Station of the Midland Railway. This 
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railway will supply a north and south 
connection, which has been long called 
for, and is now to be supplied through 
the enterprise of American capitalists. 
This Company is applying for certain 


extensions to Golder’s Green and 
Highgate. 
The Great Northern and Strand 


Railway, 64 miles in length, which will 
run from Wood Green under the main 
line of the Great Northern Railway to 
King’s Cross, and thence under streets 
and private property to the new street 
in course of construction by the London 
County Council. It will be constructed 
under that street to the new Crescent 


adjoining Wellington Street, Strand, 
and will form an important north 


and south connection lying between 
the Charing Cross, Euston and Hamp- 
stead and the Great Northern and City 
Railways. 

The North-West London Railway, 
44 miles long, which, commencing at 
Cricklewood, will run for its whole 
length under the Edgware Road, pro- 
viding four intermediate stations, in- 
cluding the exchange station already 
mentioned with the Waterloo and Baker 
Street Railway, and will terminate at a 
station at the Marble Arch, in direct 
connection by subway with the station 
there of the Central London Railway. 

The Bromptonand Piccadilly Railway, 
23 miles in length, which, commencing 
at the South Kensington Station of the 
District Railway and connected there- 
with by subway, will run chiefly under 
the Brompton Road, Knightsbridge, and 
Piccadilly, to near Piccadilly Circus. 
This Company is seeking to extend 
its line under Shaftesbury Avenue for 
about a mile to a connection with the 
Charing Cross, Euston and Hampstead 
Railway, and with the Central London 
Railway. 

Assuming that the figures given in 
a very interesting table by the Railway 
News are approximately correct, and 
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allowing for certain lines which have 
been withdrawn, it appears that the 
above tubular railways when com- 
pleted will represent a total length of 
about 58 miles of double line, of which 
132 miles have already been finished 
and opened to the public. The total 
estimated capital for these lines, includ- 
ing both shares and debentures, is 
approximately £ 30,000,000, or an aver- 
age of about £520,000 per mile for 
Parliamentary expenses, land, works, 
stations, electrical equipment and rolling 
stock, interest during construction, and 
administration. 

The capital powers vary from about 
£600,000 per mile for the Central 
London to £328,oco for the ‘deep 
level” line of the District Company, 
which requires but little additional 
property. 

In addition to the above, seven pro- 
posals of new companies are before 
Parliament, and are to be submitted toa 
JointCommittee of the two Houses, which, 
whilst taking care that private interests 
are sufficiently protected, will, it is to 
be hoped, avoid the insertion of such 
burdensome clauses as would have the 
effect of preventing capitalists from 
finding the funds wherewith to construct 
such of, these lines as the Committee 
may approve. The necessarily high 
cost of these underground railways is 
quite sufficient for the Companies to 
bear, without being hampered with con- 
ditions, the extent and risk of which are 
uncertain. It would certainly be a 
calamity to Londoners if at least the 
more important of these proposals are 
not passed this year. 

The Charing Cross, Hammersmith 
and District Railway, 5 miles in length, 
would run from Hammersmith, under 
Hyde and Green Parks and the Mall, to 
Charing Cross. It would thus compete 
severely with both the Brompton and 
Piccadilly and the District Railways. 

The King’s Road Railway, nearly 
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3 miles long, would serve the S.W. 
district, bringing it into communication 
with the District Railway at Victoria. 

The Piccadilly and City Railway, 
nearly 2 miles in length, is proposed 
to form an extension westward of the 
Brompton and Piccadilly Railway, and, 
if worked in conjunction with this and 
the District system, would prove an 
efficient substitute for the authorised 
‘“deep level” line already described, 
and would at the same time provide 
stations for the public convenience at 
Piccadilly Circus (exchange with the 
Baker Street and Waterloo), Lowther 
Arcade (exchange with the Charing 
Cross, Euston and Hampstead, and the 
South Eastern Railways), a siding for 
the traffic of Covent Garden Market, 
Wellington Street (exchange with the 
Great Northern and Strand Railway), 
Chancery Lane (subways with the Law 
Courts and Temple), Ludgate Circus 
and Cannon Street (exchange with the 
North-East London Railway). This 
additional east and west connection 
appears to be one of the most urgent 
needs of the metropolis. | 

The North-East London Railway, 
nearly 11 miles in length, is intended 
to connect both with the Piccadilly and 
City Railway and also with the Deep 
Level Railway if this be constructed, 
and will provide stations at the Monu- 
ment (exchange with the Inner Circle 
and with the City and Brixton Railway), 
at Liverpool Street (exchange with the 
Central London and Great Eastern 
Railways), and at several intermediate 
points, with termini respectively in the im- 
portant and rapidly growing suburbs of 
Tottenham and Walthamstow. Itisalso 
to be so laid out, as, if the Great Eastern 
Company approve, to form a relief line 
for some of their heavy suburban traffic. 
It would bring the densely-populated 
districts through which it would run 
into close touch with Epping Forest. 

It will also provide the necessary 
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rapid transit for the 42,000 people who 
are to be housed at Tottenham by the 
London County Council. 

The City and North-East Suburban 
Railway, over 16 miles in length, would 
occupy the same route as the North- 
East London Railway for a considerable 
distance. It would serve Victoria Park 
(to which extent, if worked in harmony 
with the North-East London, it might 
be a useful branch of that line), but 
beyond the Park it would interfere 
seriously with the public playing fields, 
and would run for many miles through 
open country not yet ripe for develop- 
ment. Its tunnels are proposed to be 
only 11ft. 6 in. in diameter, which expe- 
rience proves to be too small. 

The Islington and Euston Railway, 
12 miles in length, would form a valuable 
connection between the ‘*‘ Angel”? at Is- 
lington, the City and South London 
Railway, and Charing Cross, Euston and 
Hampstead Railway, as well as with the 
London and North-Western Railway. 

The West and South London Junction, 
44 miles long, runs from Paddington, 
under the Edgware Road, where it would 
seriously compete with the North-West 
London Railway, and thence under Park 
Lane to Victoria and Vauxhall. 

The estimated capital, including both 
shares and debentures, for these seven 
lines—nearly 43 miles in length—is a 
little over £19,000,000, equal to about 
£450,000 per mile. 

It will be seen, therefore, that, after 
much delay, the wants of the metropolis, 
as regards these railways dealing with 
longer distance traffic rather than with 
local passengers between intermediate 
stations somewhat near together, is in a 
fair way to be supplied, and this without 
any important destruction of surface 
property and the consequent displace- 
ment of the population. 

The existence, at a moderate depth, 
of the London clay, a most excellent 
stratum for shield tunnelling, enables 
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these lines of communication to be 
established at the minimum of risk and 
disturbance, and clear of all complica- 
tions or interference with subways near 
the surface, deep basements, and other 
requirements of civilization. 

The adoption of complete insulated 
circuits for the electric currents, which is 
now intended on most of the lines in 
course of construction and proposed, 
will obviate any electrical interference 
with telegraphs and telephones, and will 
prevent electrolytic action upon water 
and gas pipes. The arrangement now 
happily arrived at after practical expert- 
ment between the London United Tram- 
ways Company and the authorities of 
the Kew Observatory proves that the 
difficulties previously experienced have 
been overcome. 

The tunnels will no doubt be mechan1- 
cally ventilated so as te remove air 
vitiated by thelarge number of passengers 
passing through them, and increased 
attention will be paid to the efficient 
lighting both of stations and _ rolling 
stock, to more rapid acceleration on 
starting, and to improved brake arrange- 
ments. 

Automatic electric signalling, as intro- 
duced and now most successfully worked 
for many years on the Liverpool Over- 
head Railway, will greatly facilitate and 
ensure the safety of a 24 or 3 minutes’ 
Service. 

By means of these railways, and of 
the cheap trains for workmen to be run 
thereon, the artizan will be enabled to 
live in the suburbs, and yet to be within 
half an hour of his work, by a service, 
constant, punctual, and free from the 
interruptions which take place on the 
overground railways, however well 
managed, from climatic influence— 
especially fog—and from the necessity 
of intermingling trains from varying dis- 
tances, through and local, on the same 
lines of rails. 

It must not, however, be considered 
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that either the improvement of the Inner 
Circle, or the completion of this network 
of railways, deep down below the streets, 
will meet all the wants of the metropolis. 

Large masses of the population desire 
to be carried from their very doors and 
only for a short distance, a service at 
present performed by omnibuses, whose 
rapid multiplication has greatly increased 
the block in the streets and their insani- 
tary condition. 

Partly owing to obstructive legislation, 
and partly becausz of a well-grounded 
dislike of overhead wires, the introduc- 
tion of electric tramways has_ been 
delayed for years, so that the metropolis 
is not only far behind American cities, 
but has been out-distanced by Dublin, 
Leeds, Bristol, Liverpool, Manchester, 
Glasgow, Cork, and even by Dover and 
many smaller towns. There is now, 
however, a prospect that the antiquated 
omnibus, with its long-suffering horses, 
and the resulting serious nuisances, will 
disappear from the main thoroughfares, 
and that commodious, well-lighted tram- 
cars, running with perfect safety at a 
much higher speed, and occupying 
much less space in the street in pro- 
portion to their capacity than the om- 
nibuses, will take their place. These 
will then efficiently deal with short 
journey passengers. 

No one can study, as the writer has 
had occasion to do, the working of the 
Dubln and of the Liverpool Electrical 
Tramways, and the wonderful use 
made cf them by all classes of the 
population, without being convinced of 
their paramount utility for that purpose, 
and also of the fact that, so far from 
interfering with the general traffic of the 
streets, they assist and regulate it. It 
may be hoped that the London County 
Council will not much longer be com- 
pelled, as in the present year, by the 
opposition of various boroughs, to with- 
draw some of its most important pro- 
posed lines from the consideration of 
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Parliament. The conflict upon this 
question of tramways which has taken 
place between County and _ District 
Councils, in Surrey and elsewhere, has 
much to answer for in preventing the 
artizan class from securing the cheap 
and rapid locomotion which they so 
urgently desire. 

Several proposals have been made for 
improving the present condition of 
matters as regards the congested traffic 
of the metropolis, to which brief reference 
may be made. 

There have been at least two sugges- 
tions of a radial system of tubular 
railways from a central station to the 
various suburbs and to the respective 
goods stations of the railway companies. 
If it were a question of laying out a new 
city to meet present requirements, a 
system of that kind running under broad 
avenues might be advantageous. It has, 
however, been conclusively proved more 
than once before Parliamentary Com- 
mittees that such a concentration of 
traffic in a city like London with narrow 
streets would only make matters worse. 
Very little of the goods traffic actually 
dealt with in the goods stations is for 
through transmission ; the bulk of it has 
to be carted to warehouses, depdts, and 
shops, for distribution throughout the 
metropolis. 

The Parliamentary Committee of 
1863-64 reported against any central 
station in the metropolis, and was of 
opinion that the goods traffic could best 
be accommodated by railways running 
round London, and picking up the great 
terminal stations of the main lines of 
railway. 

These suggestions at any rate come 
too late, as, in view of the extensive 
system of tubular railways already 
constructed, in progress, or sanctioned, 
it is evident that any further railways of 
the kind must be so laid out as to feed 
and exchange with them at convenient 
points in different parts of the metropolis, 
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and not necessarily in or near the centre 
thereof. 

It has been well proposed, by Sir 
jonn VWolte Barry, K.C.B., that the 
London County Council should lay out 
several more arterial thoroughfares of 
ample width, making use as much as 
possible of new connections between back 
streets which would be thus formed into 
continuous avenues. With this sugges- 
tion might well be combined that of Sir 
Frederick Bramwell, Bart., that elevated 
footways, such as in the Chester Rows, 
should give access to an upper row of 
shops, being connected at intervals by 
footbridges; and the further one of the 
Rt. Hon. Arthur.J. Balfour, M.P., that 
in these wide thoroughfares motor-car 
omnibuses might run at cheap fares. 

The idea of subways just beneath the 
surface of the streets, whilst most 
practical and important, if limited to 
the size necessary to accommodate gas 
and water mains, and telegraph and 
telephone cables, and which, if circular, 
could be driven by shield and could be 
kept well away from the foundations of 
the houses, would, if designed to accom- 
modate the heavy street traffic, be found 
impracticable on account of their cost. 
Being necessarily, if they were to be of 
any use, of a width which would occupy 
a large proportion of the space between 
houses in many of the streets, and being 
constructed in the made ground and 
water-bezring strata above the London 
clay, they would involve the under- 
pinning of the houses, and even then 
would inevitably cause serious structural 
disturbance, whilst the whole of the 
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surface drainage, and the gas and water 
supply, would have to be remodelled. 

It would appear therefore that the 
pressing necessity, not for the working 
population only, but for all classes, that 
the congestion of the streets sould be 
relieved, may be best met :— 

(a) By re-organising the Inner Circle 
system and establishing a continuous 
service of short interval trains thereon, 
passengers to or from the suburbs pass- 
ing from or into these trains at the nearest 
point of interchange. 

(b) By carrying out the authorised 
tubular railways with tunnels not less 
than 12 ft. 6 in. in diameter inside, and 
effecting exchanges between them 
wherever practicable, probably under a 
system of transfer tickets. 

(c) By Parliament sanctioning, as a 
further instalment of a complete system, 
such of the pending Bills as may be 
found to meet the present requirements, 
subject to proper exchange stations being 
arranged with existing lines. 

(7) By utilising the more important 
side streets as portions of additional 
main thoroughfares. 

(ec) By constructing subways to carry 
the gas and water pipes and telegraph 
and telephone cables, so as to render 
the present constant interference with 
the surface of roadways and footpaths 
no longer necessary. 

(f) By introducing electric tramways, 
either on the conduit or some other 
approved system, in many of the main 
thoroughfares of the metropolis ; omni- 
buses drawn by horses to be thereafter 
excluded from such thoroughfares. 


PROGRESS IN ELECTRIC TRACTION. 


By Sir WILLIAM H, PREECE, K.C.B., F.RS., etc, 
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LECTRIC traction on existing 
railways has not yet made any 
marked progress anywhere, but its 
success on tramways and in underground 
railways has created a “boom.” Electric 
railways originated in the United King- 
dom. The first was to the Giant’s Cause- 
way from Portrush in North Ireland in 
1883. Next came the City and South 
London, opened in 1890. The next was 
the Elevated Railway along the line of 
the Mersey Docks in Liverpool, in 1893. 
Then the Waterloo and City opened in 
1898, and finally in 1900 the Central 
London, which has proved so disastrous 
to the traffic of the Metropolitan under- 
ground lines that the two companies 
affected have decided to equip their 
lines electrically as speedily as possible. 
It is remarkable that the United 
Kingdom, which has proved to be the 
pioneer in nearly every electrical in- 
dustry, should have fallen back so 
seriously in the race. America, Ger- 
many, France, Switzerland, and Italy 
are before ther. (Some, attribute sour 
backwardness to restrictive legislation, 
others to the absence of technical enter- 
prise; but I am strongly of opinion that 
it is due to financial considerations. 
The Tramways Act of 1870 certainly 
retarded the introduction of tramways 
per se, but not in any way their electrical 
working. The Electric Lighting Act 
of 1882 was a most valuable Act, placing 
the supervision of electrical industries 
on a solid legal basis, and giving the 
Government, through the Board of 


Trade, a most wholesome supervision 
and control. It made electrical energy 
a commercial article, and regulated its 
manufacture and sale. It was rendered 
necessary by the great financial boom 
of 1879-81, when speculation was ram- 
pant and disastrous. The public lost 
millions in the wildest schemes, and our 
financial purse-holders were forced to 
tie up their purses, which they have not 
yet re-opened. Railway and Traction 
companies have had to go to New York 
for capital to electrify their lines. I have 
known many valuable schemes put by 
for the want of financial support. The 
fact is too patent that the British finan- 
cier has lost faith in electrical enterprises 
at home, and the electrical engineer has 
to look to the United States and Ger- 
many for financial help. This is the 
cause of our national backwardness, and 
not legislation or technical inability. 
Money is not forthcoming for the utiliza- 
tion of electric energy. We are suffer- 
ing from the financial fiasco of twenty 
years ago. 

Electricity has several marked advan- 
tages over steam traction. It enables 
the energy required to drive the train, to 
be generated in fixed buildings, where 
water is abundant and fuel cheap, and 
where every known invention conducive 
to economy can be applied. On a loco- 
motive itself a horse-power hour requires 
a consumption of about 7 lb. of coal. 
In a modern up-to-date power-house it 
can be produced for 12 lb. of coal. 

The power required to drive the train 
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is limited on a steam locomotive by the 
size and weight of the engine, by the 
pressure of the steam, and by the rate 
at which the steam flows through the 
ports. With electricity the driving 
power can be distributed upon every 
coach and upon every axle. The weight 
even of the passengers can be utilized 
for traction purposes. There is no idle 
or useless weight. Hence the trains are 
not only lighter, but they acquire their 
speed with so much greater acceleration 
that they gain their mean rate of running 
ina much quicker time. There is also 
the fact that the application of steam 
power is reciprocating and pulsatory, 
while that of electric power is continuous 
and uniform. On railways the accelera- 
tion by steam rarely reaches 6 in. per 
second per second, but with electricity 
I ft. 6 in.—the limit allowed by the 
comfort of the passenger-—is obtained 
easily. The consequence is that the 
time of running of the Inner Circle trains 
of our Metropolitan railways around the 
Circle, which is now 70 minutes, will be 
only 50 minutes. 

The gain of mean speed due to this 
increased acceleration is of immense 
consequence in a traffic like that on the 
Metropolitan lines, which is always 
Starting, coasting and stopping, and 
rarely, if ever, running at full speed; 
but even when we have long clear 
lengths, as in working express traffic, 
the constant application of a continuously 
applied unlimited driving-power- upon 
every wheel enables such speeds to be 
attained as are beyond the dreams of 
the most progressive railway manager. 
There will be no difficulty in obtaining 
110 miles an hour on the projected 
Manchester and Liverpool monorail 
express railway. 

But the most important consequence 
of these merits is that cheapened energy, 
lighter trains, and quicker service mean 
reduced working expenses per train mile, 
and greater capacity for carrying passen- 
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gers. They attract a new and unantici- 
pated traffic. Passengers on the South 
Western Railway who arrive at Water- 
loo to go to Bond Street, take the 
Waterloo and City electric line to the 
Royal Exchange, and then the ‘“ Two- 
penny Tube” to Bond Street, and thus 
gain time, economy, and comfort. 

It is estimated that on the Metropolitan 
lines the working expenses per train 
mile could be reduced 30 per cent. and 
the carrying capacity increased 35 per 
cent. with the existing rolling stock. 
But with new stock and with new work- 
ing appliances practical with electrical 
energy it is difficult to estimate the 
possible carrying capacity. I am quite 
sure that electrifying the Metropolitan 
lines will stagger the railway humanity. 
There can be no doubt that the financial 
condition of these lines will be resusci- 
tated and their lost traffic recovered. 
The secret of the success of electric 
traction is quick transit, rapid service, 
increased comfort, and cheap fares. 

The locomotive mode of working 
trains peculiar to steam by placing at 
the head of the train a heavy motor 
which pulls the passenger coaches, has, 
in some instances, survived even on 
electric lines. The City and South 
London Electric Railway, and the 
latest electric line in London, the Cen- 
tral London, or ‘‘’Twopenny Tube,” are 
so worked. Apart from losing the chief 
advantages of more distributed motive 
power, and adding much unnecessary 
weight to the train for adhesive purposes, 
this system has the defect of concentrat- 
ing a much greater portion of unspring- 
borne dead weight on one spot, to 
hammer and pound the rails, creating 
noise, vibrations, and unnecessary wear 
and tear of the permanent way. These 
effects have been so serious on the 
‘““Twopenny Tube” that an important 
committee, consisting of Lord Rayleigh, 
Sir John Wolfe Barry, and Professor 
Ewing, has been appointed to inquire 
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Their labours have 
not) “yeus cnded syances tucite  eporimmts 
not issued. The more modern mode 
of working originated on tramways, 
and in a modified form was _ intro- 
duced on the Liverpool Elevated Kail- 
way by Mr. Parker, who designed and 
carried out the electric equipment of 
that line in 1892. Every train then 
consisted of two coaches, the head and 
tail bogies were motor bogies, and the 
middle bogies were unequipped. The 
trains now consist of three coaches, the 
two outer ones being motor coaches, 
the other a trailer. Thus the motive 
power is more distributed and the train 
can be run in either direction. There is 
no shunting or changes of position of car, 
as are required in locomotive working. 
This system has been adopted in the 
best practice in the United States, and 
it has been well elaborated and worked 
out by Mr. Frank Sprague, who calls it 
the “multiple unit system.” On this 
system a train is made up of units, 
each unit containing a motor-car and 
Oné; two. or three trallers. = s(Avicoack 
used solely for motive purposes is called 
a locomotive, one carrying passengers as 
well as motors a and one 
carrylng passengers only a trailer.) 

The train is thus very elastic. It can 
run in either direction. It can be made 
up of any number of units, all of which 
can be controlled from one point, which 
is always at the head of the train. 

The Central London Railway Com- 
pany has ordered from the General 
Electric. Company of the U.S5./A.;an 
experimental train fitted up on the 
multiple unit system, and its perform- 
ance will be watched with great interest, 
for it is hoped by it to remedy the 
vibrations that are now causing so 
much trouble. 

It has been the practice in the United 
Kingdom and in the United States to 
work electric lines, tramways, and rail- 
ways by direct continuous currents, and 
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motor-car, 
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by a concensus of experience the voltage 
has been limited to 500 volts at the 
motor. ‘This limit has been determined 
by the question of security to human 
life, for until recently no case was 
on record where a man had been killed 
by 500 volts. Higher voltages are 
dangerous, and indeed impractical, 
when brushes, commutators, and broken 
circuits are dealt with and handled. 
Some distressing cases have recently 
occurred where death has resulted on 
500 volt lnes to men working on the 
permanent way, but how far the voltage 
is the cause or some secondary effects 
due to intense currents is not clear. 
Anyway, a third rail between the two 
running rails, the common mode of 
equipping a line originated on the Liver- 
pool Railway, is a source of danger. 
Experience shows that in our London 
tubes it would be safer to put the con- 
ductor over the train at the top of the 
tunnel rather than below it, as 1s now 
the practice. It would then be inac- 
cessible to the permanent way men. 
But the use of such enormous currents 
as heavy trains demand when working 
with 500 volts seems to preclude the 
possibility of doing this with continuous 
currents. It wants higher’ pressures 
with their smaller currents. Alternating 
currents can be safely distributed at 
3,000 volts, and in consequence the size 
of the conductors can be reduced one- 
sixth. Instead of using 600 amperes 
the alternating currents require 100 
only. Thus overhead trolleys become 
possible. 

The use of 3,000 volts frightens many 
people. But danger does not depend 
on voltage. I have frequently received 
with impunity shocks from induction 
coils and Leyden jars giving 40,000 
volts and more. Safety is a question 
of engineering. It depends on the con- 
struction of the apparatus, on the freedom 
from sparks, and on the impossibility 
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conductors or accidentally forming part 
of the circuit. 

The use of high-pressure alternating 
currents and overhead trolley wire 
affect advantageously the electrical 
methods of working of railways in other 
ways besides securing safety by placing 
the live conductors out of reach. 

In the first place the present series- 
multiple system of control of the motors 
in use with continuous currents, is 
replaced by what Messrs. Ganz term 
a ‘“‘cascade”’ system. This consists in 
connecting at first starting the stator 
winding of the main motor on one driv- 
ing axle to the feeding conductors, 
and the rotor winding to the stator 
winding of a second or subsidiary motor 
on the other driving axle of the same 
bogie, the rotor winding of which is 
connected to a liquid resistance. This 
resistance is automatically reduced and 
then cut out as the speed of the train 
increases to half the maximum speed. 
At this half-speed the subsidiary motors 
are cut.out and the rotors of the main 
motors connected to the _ resistances, 
which are in turn gradually and auto- 
matically reduced to zero as the speed 
increases to the maximum. The effect 
is to give a practically unlimited starting 
torque, and to obtain at once the maxti- 
mum desirable acceleration. 

The only work done by the wattman 
or driver is first to connect the live 
conductors to the main motor, and, 
secondly, to cut out the subsidiary 
motors when half speed is reached. As 
both these movements are worked pneu- 
matically the driver stands in no danger 
of obtaining shocks from the conductors. 
The passengers are safe under all cir- 
cumstances. 

Another advantage with this cascade 
system of working is that the braking of 
trains is much simplified, three-quarters 
of the work being done electrically by 
reversing the starting connections and 
connecting the main motor, whilst run- 
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ning at full speed, to the subsidiary motors, 
and thus making them generators. This, 
by inducing a great retarding force, 
quickly brings the train down to half 
speed, returning energy the while to the 
line. The air brakes are thus required 
to reduce the train from half speed to 
stop only, supplying the other quarter 
of the brake work and saving much 
wear and tear of the brake blocks and 
of the tyres of the wheels. 

The next advantage in the use of 
alternating currents supplied to a train is 
that it dispenses entirely with all moving 
machinery and therefore staff in the 
sub-stations. Where the current is 
generated as well as supplied at 3,000 
volts no sub-stations at all are required. 
Where, owing to the distance over 
which the energy must be transmitted, 
a higher initial voltage is necessary, the 
sub-stations contain only static trans- 
formers, which require no continuous 
personal attention. 

Another advantage with alternating 
currents is that the motors are simpler 
in construction and more robust than 
continuous motors—they have no com- 
mutators. They are easily and safely 
controlled under nigh pressure. With 
these motors also it is possible to so 
attach them to the axles that the whole 
weight is springborne, which, as already 
pointed out, would save wear and tear 
of the permanent way, check vibration, 
and reduce noise. A great advantage on 
lines with many gradients is the fact 
that three-phase motors run at constant 
speed whatever the grade or weight of 
the train. This could not fail to be of 
considerable advantage where rushes 
of traffic are occasionally encountered, 
for notwithstanding the large increase 
of the weight of the train on such 
occasions they would maintain the time 
table without difficulty. Although delays 
at stations could not be made up, there 
would be no loss of speed whilst run- 
ning, and trains need never be more 


270 


than a few minutes late at the busiest 
time. One important advantage of 
alternate current working is. that it 
entirely eliminates all those electrical 
disturbances that have so much excited 
our gas and water authorities. There 
would be no electrolytic pitting of metal 
pipes. There would be no difficulty in 
complying with the most stringent pro- 
tecting regulations of the Board of 
Trade, and of the so-called ‘‘ Observa- 
tory Clauses.” 

It must, however, be pointed out that 
by the use of a metallic circuit, as was 
done on the experimental line between 
Earl’s Court and High Street, Kensing- 
ton, continuous currents became equally 
freed from producing disturbing effects. 
These disturbances arise principally 
from the use of the earth, and the earth 
becomes unnecessary with two insulated 
' conductors. 

The economy of equipping a line 
with an alternating instead of a con- 
tinuous current would not be less than 
40 per cent. in capital expenditure, while 
there would be a considerable reduction 
in working expenses. It seems a system 
eminently adapted for working long lines. 
Indeed, it seems the only practical 
method of doing so. 

One disadvantage with the use of 
three-phase working is that three con- 
ductors are required instead of two as 
with continuous current. Or assuming 
the running rails to be used as one con- 
ductor, two conductors must be placed 
overhead as against one insulated rail 
on ground level. 

There can be no doubt that for tram- 
ways, from which up to the present our 
only experience as regards overhead 
conductors has been obtained, two over- 
head trolley wires are extremely difficult 
to deal with; but this is only because 
of the many sharp curves, turn-outs, 
crossings, etc., that must be met with on 
tramways. These difficulties practically 
disappear on railways. Points are met 
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with fairly frequently, but they are 
easily managed. The Valtellina Line, 
near Lake Como, is now being equipped 
on this system by Messrs. Ganz, and 
we shall soon have a real practical test 
of this apparent advance in electric 
traction. 

Another disadvantage with three- 
phase currents 1s that a loss is occasioned 
in the mains and motors due to the. 
power factor or lag of current behind 
the voltage. This at times has amounted 
to as much as 15 per cent ;sbiueease 
much reduced by the fine clearances 
now obtainable by modern machine 
tool methods. This affects the size of 
the dynamos, motors, and mains, but 
not the steam plant or the working ex- 
penses. This increased cost, however, 
is as nothing compared with that of the 
rotary converters and sub-station equip- 
ment required with continuous currents. 

Looking into the future, the next 
great development of electric traction 
will certainly be in the direction of the 
working the various suburban services 
around London and other great cities. 
The great improvement already shown 
by the present imperfectly worked 
“Tubes” in dealing with rushes of 
traffic has already impressed railway 
managers. It is fairly evident that all 
that can be done in suburban working 
by steam has been done, and the result 
is still congestion, delay, and dissatis- 
faction. 

Electric traction can quicken the 
service, as already pointed out, by 
increasing considerably the rates of 
acceleration. It can very much reduce 
the congestion at termini by eliminating 
the locomotive, thereby also eliminating 
the shunting which causes much of the 
trouble at present. With electric work- 
ing trains run into a terminus, the 
wattman has only to walk to the other 
end.of the: train; and it issateonee 
ready to start on another back journey. 
Tf the busier hours are over, the train can 
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be divided into two or more parts, leav- 
ing one or more portions shunted at the 
terminus until the rush of traffic begins 
again. A general saving of time, power, 
and worry would of a certainty result, 
and the capacity of the lines would 
increase. Heavy race traffic would be 
dealt with with greater facility, and 
general economy result. 

Another very important development 
of electric traction which will give 
astonishing results in the near future 
is the adaptation of electricity to the 
extra high speed working of railways. 

In this case, also, steam has done 
practically all it can do. The space re- 
quired for a steam plant, and the weight 
of the same, limits any steam-drawn train 
to speeds of a possible 80 miles per 
hour. With electricity there is no such 
limit. On the proposed Manchester and 
Liverpool express line, to be constructed 
by Mr. Behr on the monorail system, 
cars weighing about fifty tons and 
carrying as many as 100 passengers will 
connect the two towns in 20 minutes, 
travelling at the rate of 110 miles an 
hour with certainty and safety. Not- 
withstanding the additional power re- 
quired, the working expenses per ton 
mile will be less than upon ordinary 
steam railways. The comfort of the 
passengers will be increased, and the cost 
of travelling decreased. 

The most interesting electrical ques- 
tion of the present day is whether our 
main line railways can be converted 
into electric lines. This question has 
been most ably dealt with lately by 
Mr. Langdon, electrical engineer of the 
Midland Railway, before the Institute 
of Electrical Engineers, and by Major P. 
Cardew in a series of Cantor Lectures 
aLithe society of Arts. 

It is a well-known axiom that to work 
steam railways economically the trains 
should be loaded as much as possible, 
and run at long intervals. 

On the other hand, with electrical 
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working, the aim is to run the trains at 
as short intervals as possible, so as to 
obtain an even load on the generating 
stations. It is obvious that such a 
system would give far greater satis- 
faction to the public than the former. 
An ideal railway service is to be able to 
go to the nearest station at any time 
of the day and to catch a train going 
in the direction we want to go within a 
few minutes. 

There can be no doubt, therefore, 
that electricity can be made far prefer- 
able to steam for passenger traffic, 
whether express, slow, or suburban. 

A very important question affecting 
the quick transit of trains has been 
brought out by the experience of electric 
traction. It is the length of stops at 
stations. This had brought into pro- 
minence the difference between English 
and American coaches. The stops on 
the Metropolitan railways average 35 
seconds, and on the ‘‘ Twopenny Tube” 
at first they were as low as 15 seconds. 
This is attributed to the difference in 
the coaches, but it is really due to the 
abolition of classes. On our steam rail- 
ways passengers wander up and down a 
train to sort themselves into first, second, 
and third class, smoking and empty 
carriages. In the American car they 
sort themselves inside the train. The 
English compartment can be filled and 
emptied with much greater rapidity than 
the American long car with one entry at 
one end and an egress at the other. If 
railway companies adopted an exit plat- 
form and made the up and down plat- 
forms entries only, and if they abolished 
the classes, then a train of English 
coaches need not stop more than Io 
seconds. Electric traction and American , 
success are driving us to this consum- 
mation, which is devoutly to be wished. 

Major Cardew in his Cantor Lectures 
worked out the cost of equipping a sec- 
tion of line; 99 miles of double line would 
not exceed £8,o00 per mile, excluding 
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motor-cars and rolling stock, including 
generating station and all sub-station 
equipment. This was allowing three- 
quarter hour services of heavy suburban 
trains, a half-hourly express service, and 
half-hourly local trains over the system. 
The total train mileage throughout the 
24 hours, if the service were maintained 
for that length of time, would work out 
at over 9,000 train miles per day (the 
weight of train averaging 200 tons), 
or 3,285,000 train miles per annum, 
an average of about 33,000 train miles 
per mile of double line. 

In 1898 the London and North-Wes- 
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tern Railway had 1,go8 miles of line 
open, and the train mileage for the year 
was 47,548,652, an average of 25,000 
train miles per mile of line. 

_ The London and South-Western Rail- 
way, Great Eastern and Great Northern 
Railways also average about 20,000 train 
miles per mile of double track. 

A similar equipment, therefore, to 
that proposed by Major Cardew would — 
certainly be adaptable to these lines, 
and the cost, therefore, of equipment 
would be about £ 7,000,000 to £ 8,000,000, 
and another £ 3,000,000 at the most for 
motor-cars and rolling stock. 
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By Prof, C. A. CARUS-WILSON, A.M. Inst.C,E., M.Inst.E.E, 


OUR polyphase railways are at 
present in operation, all, as the 
accompanying map shows, in 

Switzerland. 


~The most important is 


the Burgdorf-Thun Railway, which is 


twenty-five miles long, and forms a 
link connecting the main railways 
radiating eastwards from Berne. The 
power house is situated at Spiez, on 


the lake of Thun, from whence the 
three-phase current is taken by over- 
head wires at 16,000 volts, and 
distributed at 750 volts to the two 


I.k—MAP OF SWITZERLAND 
SHOWING POLYPHASE- ELEC- 
TRICAL RAILWAYS. (POSITIONS 
INDICATED BY HEAVY LINES 
AND TYPE.) 


FIG 


trolley wires which span the track, 
the reduction being effected by trans- 
formers placed along the route. The 
line is laid to normal gauge, so that 
it can carry the ordinary steam-driven 
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rolling stock of the other railways 
to which it is connected. The passen- 
ger trains, travelling at twenty-four 
miles an hour, are drawn by motor- 
cars, while the goods trains are 
drawn at half that speed by locomo- 
tives. Connections are made at Burg- 
dorf, Konolfingen, and Thun with nearly 
all the passenger trains leaving Berne 
for the east. 

Next in importance to the Burgdort- 
Thun Railway is that connecting Stans, 
on the Lake of Lucerne, with Engel- 
berg. This line is fourteen miles long, 
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the Gornergrat is a continuous rise of 
one in five for about five miles. A view 
of one of the stations, with a train in 
readiness to descend, is given in Fig. 4. 
The locomotive is scarcely distinguish- 
able from the train, as the car is made 
to rest on it, in order to obtain greater 
weight on the rack. These locomotives 
are similar to those used on the Engel- 
berg Railway, but are rather more 
powerful. 

The Jungfrau Railway has attracted 
great attention on account of the bold- 
ness of the enterprise. The project is to 


FIG. 2.—POLYPHASE ELECTRIC LOCOMOTIVE USED ON THE RACK SECTION OF THE STANS-ENGELBERG LINE. 


with one mile of rack. Motor-cars with 
trailers travel up and down at twelve 
miles an hour, while on the rack section 
a specially designed locomotive pushes 
the train at three miles an hour up a 
grade of one in four. <A view of one of 
these locomotives is given in Fig. 2. 
Two 75 h.-p. polyphase motors are 
mounted on one truck, and drive the 
central pinion which engages in the 
rack. The metal cylinder over the 
motors contains the rheostat used in 
starting. Fig. 3 shows a locomotive 
and motor-car descending the incline. 
The rack railway from Zermatt to 


piercea tunnel six miles long through the 
rock, starting from near the Scheidegg, 
and terminating immediately beneath 
the summit of the Jungfrau, the rise 
in that distance being 7,000 feet. 
About half a mile of tunnelling anda 
mile anda half of approach have been 
finished and_ successfully operated. 
Current is brought from Lauterbrunnen 
by three overhead wires at 7,000 
volts, and taken on to the trolley 
wires at five hundred volts. The whole 
line is laid out with a rack, up which 
the cars are pushed by locomotives, one 
of which-is shown in Fig. 5. Two 
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FIG. 3.—VIEW SHOWING A TRAIN DESCENDING AN INCLINE ON THE STANS-ENGELRERG RAILWAY. 
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FIG. 4.--VIEW SHOWING A TRAIN AND STATION ON THE ZERMATT-GORNERGRAT LINE, 
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polyphase motors, each of 200 h.-p., 
drive the pinions which engage in the 
rack. In the figure the top of one of 
the motors is removed, exposing the 
helical gearing. In Fig. 6 a locomotive 
and car is seen descending the incline 
opposite the Eiger glacier. 

The only instance of the use of the 
polyphase system for street tramways 1s 
to be found at Lugano, where several 
miles of line have been in _ successful 
operation for some years. As _ three 
conductors are necessary, it is the usual 
practice to provide two trolley wires and 
AeetUIn OY Lies eiigin tails seed dis 
arrangement gives rise to complications, 
especially at crossings and turn-outs, 
and no doubt this feature has militated 
against the system being introduced for 
use on tramways. 

The railway which runs from Lecco 
to Colico on the Lake of Como, and 
branches thence to Chiavenna and to 
Sondrio in the Valtellina, is at the 
present time being equipped with elec- 
trical traction on the polyphase system. 
The work will be completed and ready 
for operation this summer, and will 
furnish a valuable illustration of the 
conversion of a railway from steam to 
electrical traction. The whole length 
of the line is sixty-six miles, a consider- 
able portion of which is heavily graded. 
The current will be generated at 
20,000 volts by a water-power installa- 
tion at Morbegno, and carried overhead 
to sub-stations and thence to the trolley 
wires, which will feed directly into 
the motors at a tension of 3,000 
volts. 

Polyphase currents have been almost 
universally adopted for transmitting 
power from a central generating station 
to different points of an electric railway 
system in those cases where a definite 
saving could be effected by concentrating 
the generating plant at a single power- 
house. Thus, for example, on the 
Central London Railway the power 
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is generated at Shepherd’s Bush, and 
sent in the form of three-phase alter- 
nating current at 5,000 volts to sub- 
stations situated along the line. 

It is at the sub-stations that the 
characteristics of a polyphase railway, 
properly so called, begin to make their 
appearance, and the determining factor 
in the question is whether direct or 
alternating current motors are used on 
the trains. 

If direct current motors are used, the 
alternating current received at the sub- 
stations has to be converted into direct 
current. One type of converter has 
the appearance of an ordinary direct 
current generator, being in reality an 
alternating motor and a direct current 
generator in one. Another type takes 
the form of a combination of a distinct 
motor and generator. In both cases 
the converting mechanism has to be 
kept continuously rotating, and needs 
constant and careful attention. The 
direct current delivered from the sub- 
stations is led on to the trolley lines by 
the usual feeders, and thence to the 
direct current motors. 

If alternating current motors are 
used, the high tension current from the 
power-house is transformed in ordinary 
static transformers to a lower voltage, 
suitable for the trolley wires, from 
which it is led direct into alternating 
motors on the trains. The use’ of 
rotating apparatus in the sub-stations, 
with its initial first cost, upkeep, 
and lability to breakdown, is thus 
avoided. | 

The advantages attending the use of 
an alternating motor for railway work 
were for a long time counterbalanced 
by the vital objection that a single-phase 
motor would not start up on a load. 
It was, in fact, in the same plight as 
a single-acting steam-engine, in that it 
possessed the undesirable feature of 
dead-points. This difficulty has how- 
ever been overcome by the expedient 
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of placing two or more alternating cir- 
cuits at suitable angles to one another, 
much in the same way in which two or 
more steam-engines are combined for 
the same purpose ; but with this differ- 
ence, that in a steam-engine the force, 
with uniform steam pressure, varies 
according to an harmonic law, and it 
is not possible to get a perfectly uniform 
turning moment by combining two or 
more such forces; whereas the force 
generated by each phase of a polyphase 
motor has the remarkable property of 
producing an absolutely uniform turning 
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provided to magnetize it, that is, a lag- 
ging current out of step with the volts 
in the primary. This means, practically, 
that to work a polyphase motor we have 
to supply not only the current actually 
required to do the work, but also that 
required to magnetize the clearance. 
Although this current does not involve 
an expenditure of energy, the generators, 
transformers, motors, and the whole 
transmission system have to be made 
large enough to carry it as well as the 
true power current. For example, on 
the Valtellina Railway the useful cur- 


FIG. 5.—POLYPHASE ELECTRIC LOCOMOTIVE USED ON THE JUNGFRAU RAILWAY. 


moment when combined with two or 
more similar phases at suitable angles. 
The relation of the rotor of a poly- 
phase motor to its stator is practically 
that of the secondary of a transformer 
to its primary, with the exception that 
in the motor the two parts must be free 
to move with respect to one another. 
This means a mechanical clearance 
between the two, so that a certain 
width of air as well as the iron in the 
motor has to be magnetized. Since 
air does not, like iron, absorb energy 
when rapidly magnetized and demag- 
netized, a powerless current has to be 


rent is 80 per cent. of the total cur- 
rent at half load, so that the capacity 
of the whole system has to be 25 per 
cent. greater than is actually required 
by the work to be done. 


It is thus necessary to reduce the 
clearance as much as one can consistently 
with safety. This is a much more diffi- 
cult thing to do in a railway motor than 
in one which can be bolted down on to 
a firm foundation. In spite of this, 
very small clearances have been used 
on the Swiss polyphase railways with 
perfect immunity from accident. ‘Thus 
on the Burgdorf-Thun Railway, the 
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64 h.-p. motors on the motor-cars have 
a clearance of about the sixteenth of 
an inch, while the 150 h.-p. motors 
on the locomotives have a clearance of 
three-sixteenths of an inch. It speaks 
well for Messrs. Brown, Boveri & Co.'s 
design and construction of these motors 
that they have worked without any 
trouble since they were installed. The 
fact remains, however, that in spite of 
all sthats canbe donemto sreduce the 
lagging current, the total current has 
to be about 25 per cent. greater than 
the power current. 

The feature of the polyphase motor 
which will probably have the greatest 
influence on the question of its applica- 
bility for railway work is that its speed 
is determined by the number of alter- 
nations of the current, and not by the 
tension. Thus with an eight-pole motor 
and a frequency of forty alternations 
per second, the speed of rotation will 
be 600 revolutions per minute, and will 
be quite independent of the voltage. 
This affects vitally the whole problem 
of railway working. 

It is, of course, of great importance 
for many reasons to be able to raise the 
tension on the trolley wires. When we 
attempt to do this with direct currents, 
we are at once met by the difficulty 
that by raising the volts on the trolley 
wires we increase the speed of the motor, 
so that in order to keep the speed of the 
train the same as with a lower voltage 
we must do one of three things. Either 
we must decrease the diameter of the 
driving wheel, or put on a larger gear 
wheel, or increase the size and strength 
of the magnets. But the size of the 
gear wheel is limited by the fact that it 
must clear the rail level with a given 
sized driving wheel, so that we cannot 
reduce the diameter of the driving wheel 
or increase the gear wheel beyond a 
fixed limit. Neither can we increase 
the size of the magnets beyond a certain 
point, on account of the limited space 
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available. The result is that the me- 
chanical difficulties involved prevent 
our raising the volts on the trolley wires 
of a direct current system much beyond 
the usual 500 volts, and this quite apart 
from the question of the difficulty of 
designing a motor that would be satis- 
factory as regards insulation at higher 
voltages. 

With alternating current motors, 
however, the case is quite different. 
The volts on the trolley wires may be 
raised to any desired amount, but if the 
frequency is kept the same, the speed 
will be unaltered. In this way the 
advantages of high tension transmission 
can be secured throughout the whole 
system, not only on the main line 
feeders, but also on the trolley wires. 
For example, the trolley wires on the 
Valtellina Railway already referred to 
will have a tension of 3,000 volts, and 
will be connected directly to three- 
phase motors on the trains working 
at that tension. 

High tension motorsare not, of course, 
an essential accompaniment of high ten- 
sion on the trolley wires, since it is 
possible with alternating motors to re- 
duce the tension on the train by means 
of transformers. This method has been 
adopted by the firm of Siemens and 
Halske, who, together with the Allge- 
meine Elektricitats Gesellschaft and 
Messrs. Borsig & Co., of Berlin, have 
made a large number of experiments 
on the application of polyphase currents 
to railway working. The employment 
of transformers on the train introduces 
additional apparatus, rendering a loco- 
motive almost a necessity, the advan- 
tages of the arrangement being a low 
tension on the motors, and also that 
additional transformers with varying 
ratios of reduction can be used to get 
greater torque at starting. 

Since the speed is determined by 
the frequency, a train driven by poly- 
phase motors will run at a constant rate 
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independently of load. This is a feature 
of importance on those lines where a rigid 
adherence to the schedule time is essen- 
tial, as for instance on a line where the 
hours of departure and arrival are timed 
to fit in with the service of trains on 
two or more main lines. With direct 
current motors, the speed in such a 
case may vary considerably with the 
load, and serious delays ensue. For 
example, a train consisting of one motor- 
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mount the grades at the same speed as 
when running on a level. With direct 
current motors the speed falls off as the 
grade increases, so that the speed on a 
grade is considerably less than that on 
a level, and thus much steeper grades 
can be negotiated without overloading 
thesinotorss ms Horsinstance, elf 7am 10- 
ton car driven by polyphase motors, 
working at their full capacity, could 
chmb*sai@grade™ orgs sper scents; at 


FIG. 6.—SHOWING A LOCOMOTIVE AND CAR DESCENDING AN INCLINE OPPOSITE THE EIGER GLACIER. 


car driven by direct current motors 
might run at twenty-one miles an hour 
on a level; but if the load were doubled 
by the addition of two trailers, the speed 
might fall to seventeen miles an hour. 
If the train were being driven by 
polyphase motors the reduction in 
speed would be imperceptible. 

This constancy of speed, however, 
has its drawbacks when the line is laid 
out with considerable gradients, a great 
increase of power being required to 


twenty miles an hour, direct current 
motors of equal horse-power could carry 
the same load at fifteen miles an hour 
up a grade of 7 per cent. 

The prejudicial effect of a constant 
speed on a line where the grades are 
heavy is well illustrated in the case of 
the Burgdorf-Thun Railway. The 
grades on this line vary considerably, 
and in some places are as much as one 
in forty ; the passenger traffic is carried 
by motor-cars of 250 h.-p., weighing 
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thirty-two tons each. With the existing 
erades the load that can be hauled over 
the line by each motor-car 1s hmited to 
a single 12-ton trailer. If the grades 
had not exceeded 1 per cent., each 
motor-car could have taken with it four 
more trailers, making five in all, thereby 
more than doubling the seating capacity 
of the train. As it is, if there are more 
passengers than.can be carried on a 
motor-car and one trailer, a second 
motor-car has to be added. But the 
grades have a still greater effect on the 
goods traffic. This is drawn by loco- 
motives of 300 h.-p., weighing thirty 
tons. Owing to the grades the load be- 
hind the locomotive is limited to twenty 
tons, and it has been found necessary 
to reduce the speed by gearing to one 
half that of the passenger cars, in order 
to be able to increase the load drawn to 
seventy tons. If the maximum grade 
had not exceeded 1 per cent. the 
existing locomotives could have hauled 
this load at full speed. The limitation 
imposed upon the traffic by the grades 
is very detrimental to the successful 
working of this line, and it would prob- 
ably pay to reconstruct that portion 
where the grades are heaviest. 

On the Valtellina Railway the grades 
of course are already fixed, and in places 
are as much as one in fifty. Messrs. 
Ganz & Company, who are installing 
the electrical equipment, have designed 
an arrangement to meet the difficulty of 
the abnormal grades. The passenger 
trains weigh sixty-five tons, and are 
made up of motor-cars and three or four 
ordinary railway trailers. Each motor- 
car carries four three-phase motors. 
When running ona level, two motors of 
150 h.-p. each are used; but when going 
up an incline of anything over 1 per 
cent., the second set of motors will be put 
in tandem with the first set, thereby 
halving the speed, the power remaining 
themsame>  dihescoods\traiie ones 
line is to be drawn by locomotives of 
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600 h.-p. each, weighing about forty- 
five tons. The total weight of the 
goods trains will be 250 tons, and 
they will have to travel at half the speed 
of the passenger trains. This arrange- 
ment must interfere considerably with 
the service. Generally speaking, the 
rigidity of the polyphase system in 
the matter of speed places it at a 
disadvantage, when compared with 
continuous currents, on lines where 
the gradients are severe and constantly 
varying. 

In those cases where steam traction 
is being changed over to electrical 
traction, the grades, such as they are, 
must of course be accepted as a dis- 
agreeable necessity. But when a line, 
such as the Bburgdorf-Thun Railway, is 
constructed in the first instance for 
electrical traction, the adoption of heavy 
grades is a mistake, especially if the 
polyphase system is to be used. 

The ability of polyphase motors to 
get up speed has often been questioned. 
It has been stated that these motors 
give very little starting torque, that 
they might do very well on a long line 
where they had a chance to run at a 
uniform speed, but that where the whole 
process consisted of starting and stop- 
ping, they would be of little use when 
compared with continuous current 
motors, 

In the autumn of 1899 the writer 
made a series of tests on the Burgdorf- 
Thun Railway to ascertain this point, 
and settle the question definitely. Trains 
consisting of amotor-carand trailers were 
made up of different weights, and obser- 
vations were made of the energy required 
to get up a given speed from rest, and 
the time occupied in so doing. The 
results compared favourably with the 
performance of a continuous current 
equipment under similar conditions. 
The polyphase motors used rather more 
energy than continuous current motors, 
but they took a smaller maximum power 
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from the line, on account of the favour- 
able disposition rendered possible by the 
large number of poles used. 

More recently Messrs. Ganz & Co. 
have adopted with success the principle 
by which two polyphase motors can be 
put in tandem at starting, thereby 
securing an increased efficiency, and 
putting the polyphase motor very nearly 
on an equality with the direct current 
motor in the matter of efficiency of 
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be continued no longer, and the train 
is then brought to rest by mechanical 
brakes. In this way three-fourths of 
the energy of movement of the train 
can be returned as current into the line, 
instead of being lost in grinding up the 
brake blocks. By this arrangement, 
which was proposed for the London 
Metropolitan and District Railway, the 
polyphase system uses less energy than 
the continuous current system in cover- 


FIG. 7.—VIEW SHOWING WORKMEN ENGAGED IN BONDING RAILS ON THE VALTELLINA RAILWAY. 


starting. But Messrs. Ganz have gone 
further than this, and have utilized the 
tandem principle for stopping the trains. 
By this method the train is started by 
two motors in tandem; at half speed 
one motor—the auxiliary—is switched 
out, and the train brought up. to full 
speed by the remaining motor. ‘To 
stop the train the auxiliary motor is put 
in tandem with the other, and current 
thereby returned into the line. This 
current retards the train until half speed 
has been reached, when the process can 


ing a given distance in a given time 
from start to stop. 

It is somewhat remarkable that the 
first practical suggestion for saving the 
energy of motion of a train by returning 
it as current into the line instead of 
wasting it on the brake blocks should 
have come in connection with a traction 
scheme on the polyphase system. There 
is however nothing to prevent the 
same principle being used with still 
better results with continuous current 
motors, and a scheme has already 
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been brought forward, and was referred 
to by Major Cardew in his Cantor 
Lectures this spring, by which one-third 
of the energy used in running trains 
with frequent starts and stops, as on 
the Inner Circle, is recoverable by 
returning current into the line. 

The greatest possible efficiency for 
starting and stopping would be attained 
by using a variable speed gear, if such 
a thing were available. Now in the 
continuous current motor we have the 
precise equivalent to a variable speed 
gear in field variation. ‘Thus a series- 
wound motor with a field variation range, 
say, of two to one will start and runa 
given distance in a given time for 40 
per cent. less energy than that required 
by a motor with constant strength of 
fields. But no method of varying the 
field in a polyphase motor has yet been 
discovered; it is therefore at a dis- 
advantage when compared with a con- 
tinuous current motor in which the field 
can be varied both for starting and 
stopping. The range with ordinary rail- 
way motors, as at present used, is not 
much more than one-and-a-half to one, 
but when this is increased to two-and-a- 
half or three to one, the direct current 
motor can be made to start and stop with 
less energy than the polyphase motor. 
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The characteristics of the polyphase 
system appear then to be high trolley 
voltage, constancy of speed, absence of 
commutators and rotary converters, a 
double trolley, a lagging current, anda 
constant field. 

Looking to the future, the evidence 
goes to show that the polyphase system 
will not supersede the continuous current 
system for urban traffic, since in work 
of this kind the area is more or less 
confined, and the high trolley voltage 
and absence of rotary converters are 
advantages which scarcely outweigh the 
disadvantages of the double trolley, 
the lagging current, and the constant 
field. 

For inter-urban and long distance 
lines, however, this balance of dis- 
advantage is reversed, provided the 
gradients are moderate, for in that case 
a fixed field is no objection, and the 
constancy of speed becomes a valuable 
feature in securing punctuality in the 
train service. The ability to handle 
large variations of load over long dis- 
tances with a rigid adherence to the 
timetable is the really valuable feature 
of the polyphase system. To do this 
economically the grades must be favour- 
able; but where this is so the polyphase 
system has great potentialities. 
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LIQUID FUEL ON THE GREAT EASTERN RAILWAY. 
By JAMES HOLDEN, MInst.C.E,, 


Locomotive Superintendent Great Eastern Railway. 


——_ 


HE employment of liquid fuel on 

some of the locomotives of the 

Great Eastern Railway was 
originally due to the successful results 
obtained from experiments made with 
waste oil-gas tar products under station- 
ary boilers; the apparatus has been 
perfected and adapted to the varied 


the majority relied on the provision of 
apparatus and furnaces similar to those 
which have been found suitable in 


Russia and America, where petroleum 
has been largely employed as fuel for 
many years, and where a constant supply 
is obtainable at reasonable prices as 
compared with coal, which is dear there. 


FIG. I.—THE FIRST OIL-FIRED EXPRESS LOCOMOTIVE ON THE GREAT EASTERN RAILWAY. 


requirements of railway locomotives in 
ordinary daily running. At the present 
time most of the fast express trains 
between London and the principal sea- 
side resorts of the popular East Coast 
of England are hauled by engines using 
liquid fuel. 

Of the many attempts that have been 
made to utilize liquid fuel on locomotives 
and stationary boilers in Great Britain, 


The Great Eastern apparatus has 
been so devised that it is possible to 
apply it to ordinary coal-fired boilers 
and furnaces without alteration to the 
existing details, and to fire an engine 
so fitted with either coal alone, oil fuel 
in conjunction with the coal, or en- 
tirely with liquid fuel. To accomplish 
this, the author’s apparatus is designed 
to not only effectually atomize and 
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distribute the liquid fuel spray, but also 
to induce atmospheric air to support the 
combustion of the oil independently of 
that admitted to the ordinary fire by 
the ashpan and its open dampers. 

The first locomotive to be fitted to 
burn oil fuel on the Great Eastern 
Railway was a_ six-wheels-coupled 
shunting tank engine, having cylinders 
165 in. diameter by 22 in. stroke, with 
driving-wheels 4 ft. diameter. A series 
of experiments was made with this 
engine late in 1886, running on the 
main line between Stratford and Brox- 
bourne, with trial trips of newly-built 
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fitted, a four-wheels-coupled double 
ender passenger tank engine. Tour 
burners were at first employed, two at 
the front, and two at the rear of the fire- 
box; and the sprays from these being 
opposite to each other, it was expected 
that a much better distribution would 
result from conflicting jets than was 
actually experienced. The consumption 
of oil fuel was high, the engine steamed 
indifferently, and, further, the number of 
valves and pipes necessary for supplying 
four burners was objectionable. After 
a few days’ service, the two burners at 
the tube-plate end of the fire-box were 


FIG. 2.—SINGLE-WHEEL EXPRESS PASSENGER LOCOMOTIVE GREAT EASTERN RAILWAY. 


vehicles. Only one burner was applied 
to the fire-box of this engine (281), placed 
just below the footplate, about eighteen 
inches above the fire-bars; and a coal 
fire of about twelve inches thick was 
maintained on the grate. The ordinary 
fire-brick arch was retained, as also the 
air deflecting screen in the fire-hole. The 
engine was very Satisfactory in its per- 
formances, provided it was not unduly 
forced; but when it became necessary 
to urge the fire beyond a certain limit, 
it was found that the distribution of the 
fuel spray and the consequent heating 
of the fire-box was unequal and insuff- 
cient. More burners were therefore 
arranged for in the next locomotive 


removed, and the holes blocked, resulting 
in a considerable improvement in the 
working, the two burners at the front 
maintaining steam easily on a very 
moderate consumption of fuel, and the 
fire presenting a brilliant appearance. 

Superheated steam and compressed 
air were both tried on this engine for 
spraying the oil fuel. With the former, 
the continual trouble with the pipes, 
fittings, and superheating devices more 
than discounted any shght advantage ; 
and with the latter, the disadvantages 
of additional machinery for compressing 
the air became too apparent to justify 
extended employment. 

From the working of this engine a 
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modified arrangement of the apparatus 
was devised and applied to an express 
locomotive (760), which has been working 
satisfactorily now for the past ten years, 
running a total of some 350,000 miles. 
iitewcieine 1s represented’ in. the 
photograph (Fig. 1), and is of a type 
introduced by the writer soon after 
taking charge of the locomotive depart- 
ment of the Great Eastern Railway. 
The chief dimensions are: cylinders, 
18 in. diameter by 24 in. stroke; drivers, 
7 ft. diameter; and leading wheels, 4 ft. 
diameter. The boiler has 1,230 sq. ft. of 
heating surface, with tubes 121n. external 
diameter. The continuous running of 
this engine has enabled many useful 
observations to be made, among the 
most valuable being the test of dura- 
bility of the fire-box with oil fuel. It 
has been suggested that with lhquid fuel 
the distribution of heat cannot be so 
perfect as with a coal fire equally spread 
over the fire-grate, and that the operation 
of the steam jets of the burners would 
tend to shorten the life of the fire-box, 
unless protected by fire-brick walls. 
The reverse of both these suggestions 
has, however, been the outcome of the 
practical employment of oil fuel on the 
Great Eastern Railway locomotives, for 
whereas the average life of a copper 
fire-box in engines of precisely the same 
class and dimensions on similar duty 
has been but five-and-a-half years, the 
fire-box of engine 760 ran eight years 
and four months before renewal. _ 

The position of the burners, arrange- 
ment of brick arch, blast pipe, etc., of 
the oil fuel tanks and pipes were also 
carefully watched and tested. 

The experience gained was _ incor- 
porated in the ten single-wheel bogie 
express engines designed by the author 
and built at Stratford Works in 18908, 
specially for running the fast sea-side 
expresses of the summer season. These 
engines are illustrated hy a photographic 
reproduction (Fig. 2). The engines have 
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THE LATEST LIQUID FUEL ENGINE BUILT BY THE GREAT EASTERN RAILWAY. 
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cylinders 18 in. by 26 in., drivers 7 ft., 
and boilers with 160 lbs. working pressure, 
and fire-boxes with 20 sq. ft. of grate. 

Engines of this type ran the fast 
Cromer express trains during the sum- 
mers of 1898 and 1899, and did some 
remarkably good work in those periods. 
A diagram showing the grades of the 
line is appended. Engines of this class 
have repeatedly made the run of 138 
miles on a consumption of 1go0 gallons 
of oil fuel, with which 6 cwt. of coal had 
been used to raise steam and keep 
an incandescent base on the fire-grate 
whilst standing. The time for the run 
under notice is 175 minutes. To cover 
the fire-grate, and form a porous layer 
through which air can percolate, for 
assisting the combustion of the oil 
fuel, old fire-brick broken into pieces of 
not more than 3 in. cube is used. 

Increasing load necessitated more 
powerful engines than these mentioned, 
and early last year the author designed 
and built at the Stratford works eleven 
large, four-coupled, oil-burning express 
engines. One of these, the original of 
the photograph (Fig. 4), was sent to the 
late Paris Exhibition, where it received 
a grand prix. The chief dimensions 
are : cylinders, 1g in. by 26 in. ; drivers, 
7 ft.diameter ; and bogie wheels, 3 ft. g in. 
diameter. The boiler contains 1,630°5 
sq. ft. of heating: surface, and has a 
grate of 21°3 sq. ft. area. The tender 
carries 715 gallons of oil fuel and 2,790 
gallons of water. During the summer 
months these engines ran the Cromer 
express with trains, as shown in the 
diagram (Fig. 5), burning a mixture of 
creosote oil and gas tar as fuel. 

The burners employed on these later 
engines are illustrated by Fig. 6, which 
shows the construction of the appli- 
ance. The connections for oil fuel and 
steam are marked. Briefly, the action 
of the burner is as follows: oil fuel 
delivered through the regulating valve 
is first admitted to the internal cones of 
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the device, to be sprayed from the nozzle 
by steam supplied to the central annular 
jet. As this spray issues from the nozzle, 
a second portion of oil fuel is supplied 
through an outer channei, to fall over 
the first and be sprayed by it. To com- 
pletely atomize and diffuse the sprays 
formed by the above-mentioned jets, 
a ring blower is provided, having fine 
steam jets issuing from its face diverted 
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FIG. 6.—SECTIONAL VIEW OF LOCOMOTIVE PATTERN LIQUID FUEL INJECTOR. 


at such angles as to produce the maximum 
pulverizing effect with the minimum 
expenditure of steam. This latter item 
has been reduced on locomotives with 
the burners under notice to a fraction 
above 2 per cent. of the steam raised. 
In the employment of liquid fuel a high 
temperature of the furnace is naturally 
a primary desideratum, and to assist in 
maintaining this on these engines (see 
Fig. 7), the different components of the 
oil fire are heated upon their way to the 
furnace by otherwise waste heat. ‘The 
oil fuel is raised to a temperature corres- 
ponding very nearly to its ignition point 
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by passage through a tubular heater, 
warmed by exhaust steam from the air- 
brake pump, whilst the steam taken 
from the highest point of the boiler 
dome is reheated as 1t comes in contact, 
in the cones of the burners, with hot air 
drawn through a series of heating-pipes 
arranged around the internal casing of 
the smoke-box. 

The arrangements of tank and its 


WOT AIR 


HOLDEN S PATENT, Igoo. 


connections are adopted from those that 
have been found most satisfactory in 
practice. The oil fuel is filtered, as it is 
filled into the tank, by passage through a 
gauze Strainer having a fine mesh, which 
also acts as a precaution against any 
lights being incautiously introduced into 
the tank. From the reservoir the oil 
fuel is admitted through a large sluice 
valve to the exhaust steam - heating 
chamber, prior to its passage through 
the flexible hose-pipe to the controlling 
valves of the burners. The regulating 
gear for the oil fuel is of such a pattern 
that easy manipulation of the supply to 
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one or both of the burners is secured. 
The steam is controlled by a special 
fitting on the fire-box front, provided 
with packed cocks, grouped at a con- 
venient point. 

The method of storing and dealing 
with the oil fuel calls for some mention. 
The plant installed by the writer at the 
Stratford depdt illustrates in a striking 
manner the great advantages liquid fuel 
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boiler shown on the right hand of the 
pictures, and immediately despatched 
for further consignments. The capacity 
of these low-level reservoirs is 50,000 
gallons, and the contents are pumped 
by a steam rotary pump as required 
into the elevated cylindrical tanks 
(40,000 gallons) shown, which in turn 
feed the filling arms conveniently placed 
for charging the fuel tanks of the loco- 


FIG. 8.—VIEW OF LIQUID FUEL STORAGE, SHOWING HIGH LEVEL TANKS, FILLING ARM, ETC. 


possesses over solid in portability and 
ease of manipulation. The fuel is un- 
touched by manual labour from its arrival 
in tank waggons to its consumption on 
the locomotives; a total staff of four men, 
of whom one takes charge by night, is 
sufficient for the reception and distribu- 
tion of all the oil fuel at present used on 
the Great Eastern Railway—approxi- 
mately, 50,000 gallons per week. The 
photographs (Figs. 8 and g) show the 
general scheme of the storage plant. 
On arrival, the tank waggons are emptied 
by gravity into a series of underground 
tanks situated in the rear of the small 


motives as they pass along the centre 
roads to the engine shed. As much of 
the work must necessarily be carried on 
by night, the storage and vicinity is 
illuminated by electric arc lights, whilst 
portable incandescent lamps with flexible 
connections hang from the arms for the 
convenience of the men filling the tanks. 
Sluice valves giving full opening areas 
and large pipes with easy bends have 
been adopted throughout. | 

As regards the advantages of the oil 
fuel on locomotives over the customary 
coal, its general adoption in so many 
countries where petroleum is plentiful, 
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FIG. 9.—VIEW OF LIQUID FUEL STORAGE, SHOWING AN ENGINE RECEIVING ITS SUPPLY. 


and its use in many districts where close 
competition exists 1n price with wood 
and coal, is satisfactory evidence of its 
efficiency and desirability. On the long 
runs of fast trains, which are yearly 
increasing in number, one of the chief 
difficulties is the fire, which, being con- 
tinuously urged for such long intervals, 
becomes choked with dirt and ashes. 
With oil-burning locomotives no such 
trouble exists, as the supply of fuel is 
regular, continuous, and entirely free 


from residue. An engine of the Great 


Eastern Railway (761) had, on a 
special occasion, to haul an express 
train from London (St. Pancras) to 


Scarboro’ and back. The total distance 
covered was 532 miles, the engine 
being in steam some twenty-four hours. 
The fire was untouched during the 
whole time, and the engine steamed 
as freely during the last half-hour of 
the run as on its initial fifty miles of 


the journey. 
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MODERN BRITISH LOCOMOTIVE PRACTICE. 


By CHARLES ROUS-MARTEN. 


T may possibly be unpopular to 
assert that the new century finds 
British locomotive practice in a 

transitional or tentative condition. Yet 
such is unquestionably the fact. British 
locomotive engineers are waking up by 
degrees to the recognition of the fact that 
while their engines are still unsurpassed 
in the whole world in certain respects— 
notably in swiftness, efficiency per unit 
of nominal power, perfection of work- 
manship, and durability of construction 


British locomotive 
engineering would be utterly meaning- 
less. For if the engines of the “nine- 
ties’ were powerful enough, why do so 
large a proportion of our trains require 
two engines each, whereas trains of the 
some weight are readily hauled at equal 
speeds elsewhere by one engine per 
train? And why are almost all our 
locomotive engineers using boilers with 
25 to 50 per cent. more capacity than 
was deemed needful a few years back ? 


developments in 


LATEST TYPE OF EXPRESS ENGINE. 
MR. F. W. WEBB. 


—these same engines nevertheless have 
fallen far short of what the rest of the world 
deems requisite in respect of haulage 
strength. They have also begun torealise 
that the shortage was due to deficient 
capacity in one single particular, that 
of boiler efficiency, but also in both of 
its dual phases—steam generation and 
steam pressure. 

That this may be an unpopular state- 
ment I have already recognised. But 
I make it fearlessly for all that, and it 
is necessary to make it because else 
all that I have to say as to the latest 


LONDON AND NORTH WESTERN RAILWAY, 
(NO. I50I, NOW Igol.) 


FOUR-CYLINDER COMPOUND, 


If the former methods were adequate, 
the present prevalence of piloting and 
the various new departures are mere 
idle and wanton extravagance. If the 
new departures and so much “ double- 
heading ” are necessary, then the former 
engine dimensions were inadequate. 
There is no escape from this dilemma, 
and it constitutes the entire vaison d’étre 
of modern British locomotive engineer- 
ing, as I am about to show. 

For during the past decade the 
increase 1n the proportion of duplicated 
and piloted trains has been absolutely 
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alarming in view of the costliness of 
these practices and their many draw- 
backs, including the double occupation 
of the road on the one hand, and the 
doubling of the fevsonnel on the other. 
Consequently locomotive superinten- 
dents have been forced to look around 
them and see how it was that Britain 
alone among the countries of the world 
resorted to these expensive and unsatis- 
factory makeshifts, whereas other coun- 
tries were able to act on the principle 
of “‘one engine one train,” “A feeble 
attempt was made to show that the 
difference was to be found in the 
superior weights of British train loads. 
This was promptly disposed of by a 
direct comparison of actual and not 
theoretical statistics, which showed that 
America and France were running, 
with one engine per train, heavier loads 
than those for which two engines were 
almost habitually used in Britain, and 
over gradients just as steep—sometimes 
steeper —and at speeds still higher. 
Every intelligent reader will of course 
understand that I am not comparing 
such exceptional gradients as those 
of Shap, Beattock, and Falahill in 
Britain, the Pyrenees in France, or 
the ‘ Rockies,”.. etc., in America, and 
that I am comparing actual definite 
work done under my own personal 
observation. | 

The solution of the problem promptly 
offered itself. While the majority of 
British locomotive engineers contented 
themselves with goo to 1,200 sq. ft. of 
heating-surface, and 150 to 160 Ib. per 
square inch steam-pressure for their 
express engines, Europe and America 
were employing 2,000 to 3,500 sq. ft. 
of heating-surface, and 200 to 230 lb. 
steam-pressure, with cylinder capacity 
and other dimensions proportionate, to 
say nothing of the wide development 
of the compound principle by which a 
specific volume of steam is made to do 
a large addition of practical work. 
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Awaking to these facts and reasons 
in the year 1899, largely through the 
indisputable proofs given of the supe- 
riority of foreign work, several leading 
British engineers proceeded with com- 
mendable energy to build locomotives 
with more boiler-power. Thus in place 
of goo to 1,200 sq. ft. of heating-surface, 
most of the new engines of 189gg-Ig0I 
have been given 1,500 to 2,050 sq. ft., 
and instead of being limited to 150 or 
160 lb. per square inch of steam-pressure 
they generally have had 175, 180, or 


200 lb. And this is by far the most 
important and valuable feature of 
modern British locomotive practice 


Even in its latest developments it falls 
short of the progress which has been made 
and is still being made on the European 
and American continents ; yet it is a valu- 
able advance in the right direction. It 
isstrange that the practice of compound- 
ing, which abroad is so rapidly moving 
forward toward what apparently promises 
to be universal adoption ere long, should 
still be so persistently disregarded in 
Britain. > Mr. F. W. Webbritaisetrue 
builds no other express engines than four- 
cylinder compounds, of which he already 
has brought out fifty since he introduced 
his ‘‘Jubilee”’..type in 1897, and most 
of his new goods engines are three- 
cylinder compounds. Also, it is a sort 
of ‘‘ open secret’ that an experimental 
compound is likely to be tried at Derby 
and another at St. Rollox. But there 
are as yet no signs of compounding 
elsewhere in Britain. Mr. Wilson 
Worsdell has not multiplied his one 
three-cylinder compound, and_ there 
have been no revivals of the experi- 
ments with tandem compounds which 
were tried some years ago on the Great 
Western and North British lines. In 
Europe, however, more than a thousand 
compound locomotives have been built 
on Monsieur A. de. Glehn’s four- 
cylinder compound system, beside num- 
bers of the Mallet and Von Borries 


"ALO.OSDIL) “OD BD JAVALIZS ‘ZADYS *SA8SA] 7 tg 2ing 


Te 


AVM TIVE HOLNG 2 Jo} FAILOWODOT YHONASSVd SSFNdXY 


> 
. 
« * 
; $ 7 
= 5 
= i ; Z 
" : sy. 2 
“ os i ; 
ile oT ee 
. : ; ’ 
. 
os ae | THE (iBRARY 
> o - : 
: - . 
a 
i 
* 
. 7 : 
: 
y : 
- ~. r ” 
2 ‘ . 
.* : 
* 1 4 ea } 
' _ : 
: Ane 2 haa age) 
. 7 - aah wi + Pay ‘ : =~ : 


Modern British Locomotive Practice, 


295 


LATEST TYPE OF EXPRESS LOCOMOTIVE FOR THE LANCASHIRE AND YORKSHIRE RAILWAY. 


MR. J. 


two-cylinder types, and in America the 
Vauclain four-cylinder compound system 
appears to be making steady headway. 
Yet manifestly the general adoption 
of compounding in this country is only 
a question of time. Augmented power 
Peat ecryine needy ot the. day, so, that. 


Ne 


needless duplication and « doubleibiid! 'S 
But the restii¢- ° 
tions of the British loading-gaiieamipdase | 


ing”? may be avoided. 


<_< 


severe limitations to lateral or vertical 
extension of present locomotive dimen- 
sions.) Mr. ]2) A.” FP. Aspinall, .with 
his Lancashire and Yorkshire engine, 
No. 1400, closely this 
limitation, although he 


approached 
undoubtedly 


could increase the tractive force by 
reducing the diameter of his driving- 
Still there are 


Mneclemiowuey {t..3 411) 
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‘xa lower pressure. 
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ASPINALL. 


and must be limitations of boiler mag- 
nitude, and so the necessity arises of 
utilising to the utmost advantage the 
boiler-power that 1s available. This is 
done by the compounds, because they 
can use steam at a higher pressure 
without waste, as they employ the 
Same steam a second time, though at 
Thus the general 


> 


rye ee 
“néplent: of compounding seems to me 


one of the most striking, and I may 
add strange, features of modern loco- 
motive practice in Britain. 

Coming next to more detailed points 
of modern British practice, I am 
inclined to place prominently among 
these the growing tendency toward the 
extinction of the single-wheeler type. 
It is true that a few of this class have 


LATEST TYPE OF SINGLE-WHEELER EXPRESS ENGINE. 
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recently been built for the Midland and 
Great Central lines, but virtually in 
completion of orders of much earlier 
date. Also two of this class have been 
built on the Great Northern during the 
past three years. But these bear a 
very small, almost microscopic, pro- 
portion to the number of coupled 
express engines constructed during the 
same period, and the chief mechanical 
engineers of two British railways, 
hitherto strong exponents of the single- 
driver type—the Great Western and 
Great Eastern—have distinctly ex- 
pressed their intention to build only 
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Great Northern and all old ones rebuilt 
have been domed ever since Mr. Ivatt’s 
advent. With Mr. H. S. Wainwright’s 
accession to the South Eastern and 
Chatham chieftaincy came also the 
dome and went the perforated pipe. 
This meant universality in the use of 
the dome, England having long been 
the only country to dispense with it 
even occasionally. But then quite un- 
expectedly Mr. W. Dean brought out 
at Swindon a new Great Western 
express type, with a boiler so large and 
pitched so high as to leave no room for 
a dome, and this has been followed by 
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coupled engines henceforward, as being 
able to do all that the single-wheelers 
can do, while capable of much that 
the single-wheelers cannot do, and 
more trustworthy generally with heavy 
fast trains. 

With the retirement of Mr. J. Stirling 
from the locomotive superintendency of 
the South Eastern Railway it appeared 
as if the domeless engine, taking its 
steam from a perforated pipe, would 
also pass into total disuse. It had long 
vanished from the Great Eastern; 
longer still from the London and South 
Western ; more recently from the Great 
Western; while all new engines on the 


GREAT NORTHERN RAILWAY. ‘‘g90” 
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the construction of a large number— 
fifty or more, I believe—of domeless 
express locomotives, as well as two 
domeless goods engines. In fact, all the 
engines built for the Great Western in 
1900, or now in course of construction, 
are without domes. 

Another revival so far peculiar to the 
Great Western has been that of outside 
bearings and cranks to the coupled 
wheels. This plan, too, had seemed 
on the verge of disappearance, even on 
the Great Western, a few years ago, 
when several types of four-coupled and 
six-coupled engines, as well as tank 
engines, came out with inside bearings 
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FOUR-CYLINDER NON-COMPOUND EXPRESS ENGINE. 


MR, J. 


only. But now all new Great Western 
locomotives have the outside arrange- 
ment once more. 

Perhaps one of the most prominent 
characteristics of modern British locomo- 
tive practice is the persistent adherence 
to the inside position for the cylinders. 
At one time inside cylinders were prac- 
tically unknown on the Caledonian 
Railway, and also, save in the case of 
goods engines, on the London and 
South Western and Great Eastern 
lines. But now outside cylinders are 
not seen on any of those railways, save 
as survivals of an obsolete past. It is 
curious that the most famous modern 
engines with outside cylinders, the late 


Mr. Patrick Stirling’s 8 ft. single- 


wheelers, had the cylinders in that 
position only because they could not 
be got inside without certain disadvan- 
Stirling being 


tages, Mr. a strong 


GLASGOW AND SOUTH WESTERN RAILWAY. 


MANSON. 


opponent of the outside position. ‘The 
case is exactly the same at the present 
day with reference to the new _ si1x- 
coupled express engines of Mr. W. 
Worsdell and Mr. P. Drummond, as also 
to Mr, HOA, Iwatts*oga. or “Atlantic 
type, to the four-cylinder engines of 
Mr. D. Drummond and Mr. J. Manson, 
and to Mr. F. W. Webb’s compounds. 
All of these eminent engineers place 
their cylinders outside merely because 
they cannot devise any satisfactory 
way of getting them duside the frames. 
Thus all British outside cylinder 
engines are so under protest as it 
were. This is the more curious, inas- 
much as on the European continent, 
except in Holland and Belgium, the 
case is exactly reversed, the inside 
cylinder position being, as a rule, only 
resorted to when absolutely unavoid- 
able, as in the case of the four-cylinder 


FOUR-CYLINDER NON-COMPOUND EXPRESS ENGINE, 
DRUMMOND. 
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LONDON AND SOUTH WESTERN RAILWAY. 
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compounds; while in America I believe 
inside cylinders are almost if not wholly 
unknown. Here again British practice 
reverses that of the rest of the world. 

In favour of outside cylinders it is 
urged, with undoubted justice, that 
superior accessibility of the working 
parts is thus secured, they being more 
easily inspected and more readily got 
at for repairs. It is also contended 
that the absence of the cranked axle 
is an advantage, owing to its inherent 
weakness of form as a girder or column, 
as compared with the straight axle of 
outside cylinder engines. On the other 
hand, it is maintained on behalf of inside 
cylinders that they are less exposed to 
variation of atmospheric temperature, 
consequently are less hable to be chilled, 
with the result of condensation; that 
the inside position gives an easier and 
more direct motion in the middle line 
of movement, as compared with the 
alternate “boxing” action of outside 
cylinders; that the working parts are 
less exposed to dust and dirt and to 
changes of temperature, and that the 
theoretical weakness of the crank axle 
has been practically eliminated through 
improved methods of construction, while 
it is free from one drawback held to 
attach to the straight axle with outside 
cylinders, namely, that the straight axle, 
being driven from each extremity, is 
subject to torsional stress, analogous to 
the alternate twisting and untwisting of 
a rope, before motion is set up, it being 
argued that this must have a detrimental 
effect in some degree upon any fibrous 
structure, 

After many years’ careful observation 
on this head, I am forced to the conclu- 
sion that while each method possesses 
the merits claimed for it by its advocates, 
it has not in actuai practice the draw- 
backs predicated of it theoretically by its 
opponents. No disadvantage is found 
to attach to the use of outside cylinders 
in the six-coupled engines of Mr. Wors- 
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dell and Mr. P. Drummond; or in Mr. 
Ivatt’s “Atlantic” type, or Mr. Webb’s 
compounds, or Mr. Stirling’s 8 ft. single- 
wheelers; or to inside cylinders when 
used on the European Continent in the 
four-cylinder compounds. It may, in 
fact, be fairly said that with modern 
excellence of construction one of the 
plans is for practical purposes as good 
as the other. Andso I donot anticipate 
that British engineers will be easily 
dispossessed of their preference for in- 
side cylinders any more than will 
Continental and American engineers of 
their liking for the outside position. 

Modern locomotive practice recognises 
the marked superiority of the results 
obtained in the way of steam generation 
from direct contact between the water 
receptacle and the flames of the fire, as 
compared with those given by mere 
extension of tube area. Indeed, the 
increased heating - surface obtained 
through mere lengthening of the tubes 
is as a rule of little practical value. 
Thus the Serve form of tubes, which 
by means of internal ribs, or ‘ fins,” 
gives enhanced heating capacity while 
the tube-length is reduced, has come 
much into favour in Europe, and is 
occasionally used in England. But 
the ideal of modern designers is to get 
the largest and most efficient fire-box 
possible. And so the newest fire-boxes 
are either of the Belpaire type—which, 
by the way, is being abandoned in 
Belgium, the country of its origin— 
or else greatly lengthened or fitted with 
water tubes which convey water from 
the boiler, pass through the fire-box, 
and then return the heated water to the - 
boiler, thus most valuably enhancing 
the rapidity of steam generation. This 
plan has been brought to a high degree 
of efficiency by Mr. D. Drummond, who 
uses it in all his new London and South 
Western engines with excellent results. 
It will probably come into much wider 
use as its value 1s appreciated. 
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Extended smoke-boxes have come a 
good deal into vogue of late, notably 
on the Great Western. They possess 
several advantages. For one thing, 
they cause a far better clearance of the 
tubes from ashes and débris, and thus 
facilitate steam production. Secondly, 
they have proved very useful in pre- 
venting, or at least checking, the 
emission of sparks and fragments of 
incandescent fuel, especially when a 
horizontal ‘‘ grid” is placed above the 
tube ends but clear of the blast pipe, 
or when a loose bag of chainwork, like 
chain-mail, is suspended below the 
chimney. The prevention of spark 
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LATEST TYPE OF EXPRESS ENGINE. 


MR. R. J. 


emission has long been an important 
desideratum in view of the damage 
often caused by fire to cornfields, ricks 
and woods. 

The use of the road trough and tender 
water scoop has steadily gained vogue, 
although with astonishing slowness. 
Seeing that this most beneficial appli- 
ance was invented by Mr. John Rams- 
bottom nearly forty years ago, it is 
surprising that it should only have been 
adopted during the past two or three 
years by any other line than the London 
and North Western, except during the 
past decade or so by the Lancashire 
and Yorkshire, especially as one result 
has been to diminish the necessary 
weight of tenders by some 20 tons all 
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saved dead weight. That is to say, the 
tenders used on the West Coast Anglo- 
Scottish expresses weigh 25 tons on 
the London and North Western from 
London to Carlisle, and 45 tons on 
the Caledonian thence. However, the 
system has been adopted in compara- 
tively recent days by the Great Western, 
Great Eastern and North Eastern, is 
in process of introduction by the 
Great Northern, and is about to 
cross the Channel to become accli- 
matised on the French Northern line. 
Its universal adoption in this country 
seems certain to be only a matter of 
tiates 


SUSTRDAR. uw GLASS. 


Tenders mounted on two four-wheel 
bogies are steadily coming into fashion 
in Britain. They have long been uni- 
versal in America, and it is probable 
that even when the adoption of the 
trough and water-scoop reduces the 
tender-weight by fifteen or twenty tons, 
the superiority and adaptableness of 
bogie-tenders to road curves will cause 
them, once tried, to become permanent 
institutions. 

Such, then, are the chief and preva- 
lent characteristics of modern locomotive 
practice in Great Britain. But it may 
be interesting to glance in conclusion 
at the specific methods most recently 
adopted by each of the principal rail- 
ways of this country, taking them in 
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‘¢ Bradshaw’s Guide” order, a more 
convenient mode than the alphabetical. 

For the Great Western, Mr. W. 
Dean builds express engines with four 
67it. 8 in. wheels coupled (('Atbara 
class) for general duty, and with 5 ft. 8 in. 
wheels (‘‘Camel” class) for specially 
severe gradients and for heavy stopping 
trains. Each class has inside cylinders 
18 by 26, large, high-pitched, domeless 
boilers with 1,630 sq. ft. of heating 
surface and 180 lb. steam-pressure. 
Mr. Dean’s latest goods engine has 
similar boiler, but 4 ft. 8 in. wheels, six- 
coupled. All three classes have outside 
bearings and cranks and leading four- 
wheeled bogies. For the London and 
South Western, Mr. D. Drummond has 
recently built a large number of express 
engines (‘‘ 702” class) with 6 ft. 6 in. 
coupled wheels, cylinders 183 by 26, 
1,500 sq. ft. of heating surface (including 
that supphed by water-tubes in fire- 
box) and 175 lb. steam-pressure. Mr. 
Drummond’s one four-cylinder non- 
compound engine, built several years 
ago aS an experiment, has not so far 
been perpetuated, but I hear that more 
are to be built. On the London, 
Brighton, and South Coast line Mr. 
R. J. Billinton has placed three new 
express locomotives, which are virtually 
enlargements of his ‘‘ Bessemer ”’ type. 
The new engines, ‘‘ Sirdar”’ class, have 
6 ft. g in. wheels coupled, inside cylinders 
1g by 26, 1,600 sq. ft. of heating surface, 
and 180 lb. steam-pressure. Mr. HS: 
Wainwright has designed for the South 
Eastern and Chatham a new express 
type, with inside cylinders 19 by 26 and 
6 ft. 8 in. coupled wheels, which have 
begun running during thecurrent spring, 
Mr. J. Holden’s latest express type on 
the Great Eastern is his lquid-fuel- 
burning Paris Exhibition engine, 
‘“Claudishaniten..) whichesnagse7est: 
coupled wheels, inside cylinders 19 by 26, 
1,600. sq: ft, of heatine surface, and 
180 lb. steam-pressure. For the Great 
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Northern, Mr. H. A. Ivatt has built 
since his accession to office no fewer 
than 100 engines with four-coupled 
6 ft. 6 in. wheels, inside” cylinders 
174 by 26, and leading bogies, forty 
of these differing from the rest in having 
larger boilers, but the entire class 
involving no specially novel departure. 
But Mr. Ivatt has also brought out a 
type quite new to Britain, that known 
as the “ Atlantic’? in America, and the 
‘“g90’’ on the Great Northern, viz., 
with leading four-wheeled bogie, four- 
coupled driving-wheels under the middle 
of the boiler-length, and a pair of trailing 
wheels. Eleven of these -have been 
placed on Great Northern metals: they 
have 6°ft. 6 in. coupled wheels and 
outside cylinders 19 by 24, 1,442 sq. ft. 
of heating surface, and 175 lb. steam- 
pressure. Mr. F. W. Webb has con- 
tinued to built his four-cylinder com- 
pound express engines of the “ Jubilee” 
class, with 15 by 24 high-pressure 
cylinders outside, 204 by 24 low-pressure 
cylinders inside, all driving the front 
pair of 7 ft. coupled wheels, 1,379 sq. ft. 
of heating surface, 200 Ib. steam- 
pressure. For the Midland, Mr. S. W. 
Johnson has completed another batch of 
his 7 ft. g in. single-wheelers : cylinders 
194 by 26, 1,217 sq. ft. of heating 
surface, 180 lb. steam-pressure. These 
have double-bogie tenders. A new 
class of 6 ft. g in. four-coupled express 
engine is under construction at Derby. 
Two important new types of express 
engines have come out recently on the 
North Eastern Railway, designed by 
Mr. Wilson Worsdell. Those of the 
‘‘2001” class have leading four-wheel 
bogies, six-coupled 6 ft. wheels, outside 
cylinders’ 20 by 26; %,760micq meio” 
heating surface, 200 lb. steam-pressure. 
A more recent variant of this type, with 
6 ft. 8 in wheels six-coupled, is now in 
course of construction at Gateshead. 
The second new North Eastern type 
has four-coupled wheels 6 ft. 9 in. in 


Modern British Locomotive Practice. 301 


ONE OF TWO STANDARD TYPES OF BRITISH TANK ENGINES. GREAT CENTRAL RAILWAY. 
MR. H. POLLITT;: 


STANDARD TYPE OF BRITISH GOODS ENGINE. CALEDONIAN RAILWAY. MR. J. F. MINTOSH. 


ONE OF TWO STANDARD TYPES OF BRITISH TANK ENGINES, SOUTH EASTERN AND CHATHAM RAILWAY 
MR, W. KIRTLEY. 
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diameter, inside cylinders 19 by 26, 
1,527 sq. ft of heatine surface, sand 
200 lb. steam-pressure. Just before his 
retirement from the locomotive superin- 
tendency of the Great Central Railway 
Mr. Harry Polhtt brought out the first 
of a new class of 7 ft. 9 in. single- 
wheelers, with cylinders 194 by 26, and 
leading bogie, five more having been com- 
pleted by his successor, Mr. Robinson. 
But the majority of the Great Central 
engines built by Mr. Pollitt have 7 ft. 
coupled wheels, 184 by 26 cylinders. 
These are very numerous. Mr. J. A. F. 
Aspinall, just before his acceptance of 
the Lancashire and Yorkshire general 
managership, designed and built forty 
very large ten-wheeled express engines, 
which still remain the standard type on 


that line. ‘They are’ known, as the 
‘TA00") lass, “Gand have 7 ft. -3°)in: 
coupled wheels, cylinders 19 by 26, 


2,052 sq. ft. of heating surface, Belpaire 
firebox, 175 lb. steam-pressure, leading 
four-wheel bogie, and a pair of trailing 
wheels. The latest North British type 
built by Mr. M. Holmes has 6 ft. 6 in. 
coupled wheels, cylinders 18} by 26, 
1,350 sq. ft. of heating surface, 175 Ib. 
steam-pressure. Mr. J. Manson designed 
and built for the Glasgow and South 
Western several years ago a new type 
of four-cylinder non-compound express 
engine, with 6 ft. gin. coupled wheels, in- 
side cylinders 144 by 26, outside cylinders 
124 by 24, and 165 lb. steam-pressure. 
It has not yet been multiplied. For the 
Caledonian Railway, Mr. J. F. M‘Intosh 
has lately brought out a third enlarged 
version of his well-known *‘ Dunalastair ”’ 
type, which came out early in 1896, and 
which had 6 ft. 6 in. coupled wheels, 
inside cylinders 184 by 26, 1,400 sq. ft. 
of heating surface, and 160 Ib. steam- 
pressure. ‘The second version, known 
as ‘*Breadalbane”’ class, were given 
1g in. cylinders, 1,500 sq. ft. of heating 
surface, and 175 lb. steam-pressure. 
The third and latest ‘‘goo”’ class have 
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1,600 sq. ft. of heating Suriagesand 
180 Ib. steam-pressure. Mr. P. Drum- 
mond has put two new classes of express 
locomotives recently on the Highland 
line. One closely resembles his brother’s 
London and South Western “702” 
class, but has 6 ft. coupled wheels, and 
cylinders 18} by 26. The other re- 
sembles the North Eastern ‘ 2001” 
class, but has larger boiler, with 
2,050: sq). ft. of heating surface, 5 ft. 
g in. driving wheels, six-coupled, outside 
cylinders 194 by 26, 200 Ib. steam- 
pressure, four-wheeled leading bogie. 
These are the latest types of express 
engines on the leading railways of 
Britain. That is to say, it is these 
engines that are being most recently 
built for modern main-line passenger 
work in all its phases. For urban and 
suburban and branch-line duty, tank 
engines are used. These as a rule 
have the leading and driving wheels 
coupled; usually 5 ft. 6 in. in diameter, 
with a trailing four-wheeled bogie. 
Some have the second and third pairs 
of wheels coupled, with radial axles to 
the leading and trailing wheels. A few 
have six 4 ft. wheels all coupled, as on 
the London, Brighton and South Coast, 
and Great Eastern. Still fewer have 
six wheels coupled with a pair of radial 
trailing wheels, as on the London and 
North Western, London, Brighton and 
South Coast, and Lancashires®and 
Yorkshire. Goods engines, as a rule, 
are much as they were in years gone 
by, differing chiefly in having larger 
boilers and cylinders. They generally 
have six wheels all coupled, and with 
a diameter of either 5 ft. or an inch 
or two more or less, with cylinder 
17 to 184 in:, and” piston sstroke 
24 to 26 in. Many on the’ London 
and North Western have eight-coupled 
wheels, and are built on Mr. F. W. 
Webb’sthree-cylinder compound system, 
with two outside cylinders 15 by 24, and 
one inside low-pressure cylinder 30 by 24. 
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Some eight-coupled goods engines have 
also been built at Horwich for the 
Lancashire and Yorkshire, with vast 
boilers and cylinders similar to those of 
the ‘*1400” class of passenger loco- 
motives. It is understood that eight- 
coupled goods engines are also to be 
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used on the Great Northern and some 
other lines. They have been employed 
for many years with success on American 
and European railways. 


The illustrations in this article are reproductions of 
photographs by Mr. F. Moore, Charing Cross Road, 
London. 
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LOCOMOTIVES IN FRANCE. 


By Prof, ED, SAUVAGE, 


ONG and carefu] investigations 
would be necessary to get a 
complete knowledge of the 

locomotives used in France, owing to 
the great variety of designs made at 
different times for the several railway 
companies, specially as old engines are 
still found in service. However, a great 
improvement in the way of uniformity 
is noticeable, and the latest types of 


1880. Next will come the description 
of the modern French locomotives, 
and, thirdly, of different details in 


their construction which seem specially 
interesting. 

With the exception of the old Cramp- 
ton engines, which long ago ceased to 
make any service of importance, single 
wheelers have never met with great 
favour in France (putting aside the 


FIG, I.—EXPRESS LOCOMOTIVE OF THE EST RAILWAY (ORDERED, WITH SOME ALTERATIONS, 
FROM 1878 TO 1889). 


Grate area, 18°6 to 29°6 sq. ft. 


Stroke of Pistons, 24 and 29} tn. 


as 


PE es 


Diameter of Cylinders, 17 and 17,5; in, 


Weight in running order, 41°9 to 46°5 tons. 


locomotives on the various lines look 
more like members of the same family. 
Of course, these latest types are the 
more interesting to study; but the 
mention of some older locomotives, still 
doing good service in large numbers, 
ought not to be omitted. 

The following pages will first mention 
the more important types of the preceding 
period, which continue running on the 
French railways. Nearly all these types 
were designed before 18g0, and even 


very first locomotives in the infancy of 
the railways). 

Among the express engines with two 
coupled axles may be mentioned the 
locomotive of the Est Railway, with 
outside cylinders driving the rear axle 
(Fig. 1). The Nord used locomotives 
with inside cylinders and outside frames, 
somewhat similar to engines designed 
by Mr. Sturrock for the Great Northern 
Railway, but with an increased grate, 
which extended partly over the rear 
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FIG. 2.—BOGIE EXPRESS LOCOMOTIVE OF THE NORD RAILWAY (FIRST ORDERED IN 1877). 


Grate area, 25 sq, tt. 


Stroke of Pistons, 24 in. 


Diameter of Cylinders, 17 to 173 in. 


Wetght in running order, 42 tons. 


axle. In 1877, a bogie was used in 
place of the leading axle (Fig. 2); these 
were very good engines for the time. 
A little later the Ouest produced an 
express engine, the bogie of which had 
a lateral play, and somewhat similar to 
the Midland Railway engine. 

On the P.O. and P. L. M. Railways, 


express locomotives, with two coupled 
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A special mention must be made of 
the powerful locomotive built by the Est 
in 1890, conspicuous for its ‘“* Flaman ”’ 
boiler with two barrels (Fig. 4). 
Although the complication of this 
boiler may be criticised, this construction 
marks a step in the right direction, a 
ereat increase in the power of passenger 
locomotives designed for high speeds. 
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FIG. 3.—LOCOMOTIVE OF THE P. L. 


Grate area, 23 sq. ft. 


M. 


Stroke of Pistons, 25% in. 


RAILWAY (FIRST ORDERED IN 1876). 


Diameter of Cylinders, 19% in. 


Weight in running order, 47 tons. 


axles between two carrying axles and 
with outside cylinders (Fig. 3), were 
largely used. It is worthy of remark 
that this type of engine, although not very 
commendable in itself, made an excellent 
service at high speeds on the P.O. On 
the Pb. CoM. these. engines were te- 
nowned rather for power than for speed. 
Some of these have been recently rebuilt 
with a bogie in front. 


For ordinary passenger trains a large 
variety of locomotives of moderate size 
have been and are still used, with three 
axles, of which two or all are coupled. 
Until recently, the goods service was 
chiefly made by locomotives with three 
or four axles, all coupled. The three- 
coupled engine, with outside cylinders, 
was extensively used, specially on the 
P. L. M. Railway. In addition to 
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these locomotives this system used, since 
1881, a more powerful engine, with 
three coupled axles and a carrying axle 
under the firebox. Other railways used 
three - coupled engines with inside 
cylinders. On the Nord, and on the 
Est, and on the steep grades of the 
Pewee Me and P. ©. Railways, four- 
coupled engines, with small wheels, 
were preferred. Some of these engines 
(Fig. 5) made and still make very good 
service for hauling heavy trains, specially 
on the Nord, but in many cases these 


ah 


Seer (WOgtsto  22001D- per sq. 10.) 
These are compounds with four cylinders: 
two high-pressure cylinders placed out- 
side drive one axle, and two inside low- 
pressure cylinders are connected with 
another axle. Coupling rods are used. 
The advantages of preserving the 
coupling, which does not appear as 
absolutely necessary, have been dis- 
cussed at some length in THE ENGINEER- 
ING T'ImEs (see “ Notes on English and 
French Compound Locomotives,” Dec., 
1g00); by their use the two pistons on 


FIG. 4.—EXPRESS LOCOMOTIVE OF THE EST RAILWAY WITH ‘‘ FLAMAN”’ BOILER (FIRST ORDERED IN 1890. 


Grate area, 23% sq. ft. 


Diameter of Driving Wheels, 6 ft. 103; in. 


engines are too slow for the present 
requirements. 

Amongst the types of tank engines may 
be mentioned the compact three-coupled 
locomotive of the Ouest (Fig. 6), and the 
powerful locomotive of the Est, with 
three coupled axles and a carrying axle 
under the firebox. Several of these en- 
gines have been recently rebuilt with a 
bogie in front and three coupled axles. 

Recent French locomotives are con- 
spicuous for their large boilers, carrying 
on a high pressure of steam. The grate 
eawiseabout 2°5 sq. m. (27 sq. ft.), 
and in some cases larger; the effective 
pressure is 14, 15, and even 16 kg. per 


Heating surface, 18113 sq. ft. 
Diameter of Cylinders, 183 in. (1911 in. on the first engines). 
Weight in running order, 55°87 tons. 


Boiler pressure, 171 lb. per square inch. 
Stroke of Pistons, 26,5 in. 
Adhesive weight, 32°87 tons. 


each side of the locomotive may be set 
with cranks at 180°,so as to have always 
opposite movements, and in this way 
the disturbing forces due to their motion 
are largely reduced. In some cases 
another disposition of the cranks has 
been adopted: they are not directly 
opposite, but set with an angle of about 
162°. The object is to get a more 
uniform pull during a revolution of the 
wheels, which is advantageous specially 
when starting ; but the first disposition 
was generally preferred in the latter 
designs. 

Speaking of compound locomotives, 
it must not be forgotten that engines of 
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FIG, 5.—FOUR-COUPLED LOCOMOTIVE OF THE NORD RAILWAY (ORDERED, WITH BUT SLIGHT ALTERATIONS, 
FROM 1866 TO 18g). 


Grate area, 23 sq. ft. 
Diameter of Wheels, 91 in. 


this class, with two cylinders, were 
designed in 1875 by Mr. A. Mallet for 
the Bayonne-Biarritz Railway; ‘they 
were found handy and economical, and 
are still running. 

Fig. 7 gives an example of the four- 
cylinder compound locomotives, with 
two coupled axles and a bogie, which 
are used on all large railway systems 
in France. In order to increase the 
dimensions of the boilers of these high- 
speed engines with two driving axles, 
the type called ‘“* Atlantic,” with a carry- 
ing axle added behind the driving axles, 
has been recently intro- 
duced, with excellent re- 
sults, on the Nord Railway 
(Fig. 8). A special feature 
of these ‘“‘ Atlantic”’ loco- 
motives is the shortness 
of the coupling rods, 
which are very long when 
the fifth axle is not used. 

Another very interest- 
ing type of engine, which 
has lately found great 
favour in France as in 
other countries, is the 
three-coupled locomotive, 
with somewhat large dia- 
meter of wheels and bogie 
in front; the four-cylinder 


Diameter of Cylinders, 192 in. 


Stroke of Pistons, 25% tn. 


Weight in running order, 44 tons. 


compound system adapts itself very 
nicely to this arrangement. The range 
of utility of these engines is very wide, 
as they are found, in many cases, able to 
manage nearly all the traffic of a railway, 
with the exception of the fastest expresses 
and of the suburban trains. ‘Their use 
corresponds to an increased speed of 
goods and mineral trains, which is advis- 
able on crowded lines, as already stated, 
to avoid long delays on side tracks in 
stations. After the experience of the 
P. L. M. and Nord Railways, the 
better utilisation of men and rolling 


FIG, 6,—THREE-COUPLED TANK LOCOMOTIVE OF THE OUEST RAILWAY (ORDERED 
WITH SLIGHT ALTERATIONS, FROM 1883 TO 1896), 


Weight in working order, 41 to 42 tons. 


Locomotives in France, 


stock largely compensates for the slight 
increase in other expenses which may 
result from this practice. 

The diameter of the driving wheels 
varies in France from 1°600 to 1°750 m., 
and more in a few cases (5 ft. 214 in. to 
5 ft. 8g 1n.). With an increase up to 
2m., this class of engines would, very 
likely, be suitable for the highest speeds. 
Fig. g shows one of these locomotives. 

Mention must be made of a_ two- 
cylinder compound, which is used on 
the Midi Railway with good results. 
It is an old three-coupled locomotive, 
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being either two or three), may be 
summed up as follows :— 

First of all, better utilisation of steam 
results from the compound system, either 
with two, three, or four cylinders, 
although the common slide-valve con- 
tinues to be used. Another benefit of 
the compound system, which may be 
called indirect, is the possibility of 
conveniently using a very high initial 
steam pressure. 

With the four-cylinder system the 
strain on each individual mechanism is 


largely reduced. Owing to the very 
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FIG. 7.-—COMPOUND FOUR-CYLINDER EXPRESS LOCOMOTIVE OF THE OUEST RAILWAY (ORDERED IN 1897). 


Grate area, 251% sq. ft. 


Heating surface, 1439;°; sq. ft. 


Boiler pressure, 199 1b. per square inch. 


Cylinders—2 high pressure, 132 X 254 in.; 2 low pressure, 202 X 25} in, Diameter of Driving Wheels, 6 ft. 74 in. 


Total weight in working order, 48°72 tons. 


rebuilt with a pony truck (of one pair of 
wheels) in front of the outside cylinders. 

On heavy grades, the P. L. M. uses 
four-coupled engines, without carrying 
wheels; they are fouc-cylinder - com- 
pounds, the four cylinders being placed 
side by side in front of the first pair of 
wheels, of which the diameter is 1°500 m. 
(4 ft. 11, in.). Twelve years ago the 
Nord ordered a lot of twenty four-coupled 
locomotives with tandem cylinders. 

The advantages of the four-cylinder 
compound locomotive with two axles 
separately driven by the two groups 
of cylinders, but united by coupling 
rods (the total number of coupled axles 


Adhesive weight, 30°51 tons. 


limited available space, it is difficult, 
in an ordinary locomotive with two 
cylinders, either inside or outside, to 
provide sufficient surface for the wearing 
parts, when high power is required, as 
in modern construction. The practical 
consequence has been that, whilst 
ancient locomotives, with small cylinders 
and low pressure of steam, could make 
very long mileages without repairs, the 
wear became surprisingly rapid in new 
locomotives with big cylinders and high 
pressure. With the four separate 
cylinders plan, the pressure and the 
strains being divided in two, the old 
favourable conditions reappeared. 
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TYPE (ORDERED IN 1808). 


ATLANTIC” 


8.—COMPOUND FOUR-CYLINDER EXPRESS LOCOMOTIVE OF THE NORD RAILWAY ‘“ 


FIG, 


in. 


1 
5 


2 low pressure, 22 X 25 


X25) 50. - 


3 
5 


Cylinders—2 high pressure, 13: 


Bowler pressure, 228 lb. per square inch, 


Sguyt. 


Diameter of Driving Wheels, 6 ft. 83; in. 


Hil 


Heating surface, 22744 


Grate area, 293 sq. ft. 


Adhesive weight, 32°48 tons. 


Total weight in working order, 63 tons. 
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An important point of the system is 
the good equilibrium of the reciprocating 
parts, which means smooth running, and, 
combined of course with the use of a 
suitable bogie, an important reduction 
of the stresses which the permanant way 
has to bear. 

Very large available power at starting 
is owing to the possibility of admitting 
live steam (at reduced pressure) in the 
low - pressure cylinders, with a direct 
exhaust for the high-pressure ones; in 
fact, the adhesive weight could hardly 
allow the full utilisation of the tractive 
power thus obtained, and this working, 
where steam is somewhat wasted, is 
seldom resorted to, except in some cases 
for the first turns of the sweets! t 
would be a mistake to suppose that the 
economy of the compound system is 
seriously impaired by this device. | 

It is quite easy to work the four- 
cylinder compound either at low or at 
high speed. For instance, express loco- 
motives have been found quite able to 
haul heavy mineral trains on flat lines. 
On the other hand, with a_ properly 
designed steam distribution (sufficient 
clearance and negative inside lap), no 
difficulty has prevented the running 
at the highest speeds ever used on 
railways. 

It must be undeystood that the reality 
of these advantages is proved by an 
extensive experience cn all large French 
railway systems, and that nearly every- 
one who has had opportunity to watch 
the working’ of these locomotives ad- 
heres to the same opinion in this respect, 
from the locomotive superintendent 
down to the engine cleaner. 

One point, which is certainly above 
dispute, is that this class of locomotives 
makes an excellent service; it is pos- 
sible to imagine that simple two-cylinder 
locomotives might do the same work, 
but these do not seem to exist in France, 
and probably they would beheavier. As 
regards econcmy of these four-cylinder 
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compound locomotives, compared with 
simple engines of the same _ weight 
(and this is hardly a fair basis of com- 
parison), the initial cost of the compound 
is a little higher; the expenses for 
repairs may be about the same, the 
greater number of parts being com- 
pensated by the reduction of strains on 
each separate mechanism ; the coal con- 
sumption is certainly less by ro to 15 
per 100. Taking all into account, the 
cost for the same work done is cer- 
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Nord Railway, with two coupled axles, 
outside cylinders, and a bogie in front. 
Recently the Ouest has ordered twenty- 
five powerful tank locomotives with 
three-coupled axles and a bogie (Fig. 10), 
having outside cylinders and valve-gear. 
These locomotives are remarkable for 
their large capacity in storing water 
and fuel, often too limited in tank 
engines. This enables them to run 
considerable distances, and makes them 
suitable for a large number of passenger 


FIG, 9.—COMPOUND THREE-COUPLED LOCOMOTIVE OF THE OUEST RAILWAY (ORDERED 
IN 1898), WITH FOUR CYLINDERS. 


Grate area, 263 sq. ft. 


Cylinters—2 high pressure, 133 >. 251 in.; 2 low pressure, 213 X 25} in. 


Weight in running order, 57°48 tons, 


tainly not larger with the compounds. 
Coming to actual practice, as the rational 
working of railways generally require 
the locomotives to be used to their 
utmost capacity as frequently as pos- 
sible, if the simple locomotive was to 
perform the same work as the compound, 
this could not be done without forcing 
the production of the boiler to such an 
extent that it would involve an extrava- 
gant coal consumption. 

Amongst recent non-compound loco- 
motives in France may be mentioned 
sixty small tank engines ordered by the 


Heating surface, 2088: sq. ft. 


Botler pressure, 199 1b. per square inch. 
Diameter of Driving Wheels, 5 ft 74+ in, 
Adhesive weight, 40°84 tons. 


and goods trains. During some trials, 
one of these locomotives has attained 
a speed of 118 kilometres (734 miles) 
per hour, although the diameter of the 
wheels is only 1°510 metre (4 ft. 1154 in.). 
The outside position of the mechanism 
is very handy; when it is inside, the 
side tanks render access difficult. 
Narrow gauge locomotives, specially 
for one-metre gauge, are numerous in 
France, and interesting. In many 
cases, the simplest forms of tank en- 
gines, with side tanks and _ outside 
cylinders, are used. But, as_ sharp 
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curves happen frequently on these lines, 
flexible locomotives of the Mallet sys- 
tem have sometimes been adopted. 
In these engines (Fig. 11), the main 
frame carries the boiler and two high- 
pressure cylinders, driving the rear 
group of coupled wheels; a truck, 
movable round a pin fixed at about 
the middle of the length of the engine, 
supports two low-pressure cylinders, 
driving the front group of coupled 
wheels. ‘The flexible pipes, connecting 
the truck with the main frame, support 
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are usually made of stamped wrought 
iron after the Arbel type; but there are 
some good reasons to believe that these 
iron wheels will not be used much 


longer. 
As already remarked, bogies are 
frequent. Whilst at the International 


Exhibition of 188g only locomotives of 
the Nordand Ouest in the French section 
were furnished with bogies, engines are 
no longer constructed in France with- 
out one, unless for suburban or shunting 


Service. 


FIG. I0.—BOGIE TANK ENGINES FOR THE OUEST RAILWAY. 


Grate area, 192 sq. ft. 
Diameter of Cylinders, 1823 in. 
Capacity of Water-Tanks, 1540 gals. 
Weight in running order, 57°97 tons. 


only the receiver pressure; there is no 
difficulty in providing a movabie joint 
for the exhaust pipe. There is, of course, 
no objection to the use of the Mallet 
system for ordinary gauge locomotives ; 
this application has been successfully 
made in several cases. 

Attention will be called to some 
details which specially characterise 
present French construction. In the 
frames, for parts such as cross ties and 
slide-bar brackets, cast steel is fre- 
quently employed. Cast steel has been 
rarely used in France for wheels, which 


Heating surface, 14168; sq. ft. 
Stroke of Pistons, 233%; in. 


Boiler pressure, 171 lb. per square inch. 
Diameter of Driving Wheels, 4ft. 1175 1. 
Capacity of Coal-Bunkers, 2°46 tons of coal. 

Adhesive weight, 43°21 tons. 


The former bogie of the Nord hada 
fixed pivot, whilst that of the Ouest had 
a lateral movement ; the latter arrange- 
ment 1s now always adopted, the lateral 
play being controlled by springs. The 
bogie of the Ouest, with internal frames, 
is still one of the simplest on French 
railways. 

In recent construction, the Walschaerts 
cear has been largely used for the valve- 
motion. This kind of gear is simple 
and quite suitable for outside cylinders 
with valves on top (Fig. 12); it is also 
convenient fcr inside cylinders with 
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FIG. II1.—MALLET COMPOUND LOCOMOTIVE FOR ONE METER GAUGE, DESIGNED IN 1885. 


valves on inclined tables slanting out- 
wards from the top. It gives an equal 
distribution of steam on both sides of 
the piston, because the motion of the 
valve is partly derived from the cross- 
head, thus entirely eliminating the dis- 
turbing influence due to the obliquity of 


the connecting rod. 


FIG, I2.—WALSCHAERTS GEAR FOR VALVE MOTION 


Cylindrical valves were applied many 
years ago to locomotives on the Etat 
system, but this mode of construction 
has spread but little in France. The 
Adams balanced valve has been used on 
a considerable number of locomotives 
on the Nord. The Est for some years 
past has made trials of this valve, and 
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of the Richardson American valve. The 
latter railway is preparing an experiment 
on cylindrical valves. The general 
adoption of the compound system, which 
reduces the pressure on ordinary valves, 
may explain why these arrangements 
have been somewhat neglected in 
Hrance: 

For oiling the valves and pistons, a 
kind of oil pump is generally preferred, 
as it gives a very uniform flow of oil, 
which can be regulated at will. 

In the four-cylinder compound loco- 
motives, two lifting-shafts, one for the 
two high-pressure, the other for the low- 
pressure cylinders, are generally actuated 


x 
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the passage from the small to the large 
cylinder, and which opens at the same 
time a direct escape for the small cylin- 
ders. A similar cock exists on each side 
of the engine. The opening of this cock 
transforms the locomotive in a simple 
four-cylinder engine; in case of injury 
to one group of cylinders, it renders 
possible working with the other group 
only. 

The system of the Est consists of a 
special box furnished with a flap-valve, 
which serves to separate the high- 
pressure and low-pressure cylinders, and 
a valve which opens a direct escape for 
the former. This apparatus receives 


FIG. I13.—TYPICAL BELFAIRE BOILER OF A FRENCH LOCOMOTIVE. 


by two reversing screws placed close 
together; the two can be reversed at 
will, either together or separately. The 
drivers are thus able to adjust suitably 
the distribution for all requirements, and 
have found from practice, in a_ short 
time, the best working positions. Ad- 
mission of steam to the low-pressure 
cylinders should always be at least 
from 40 to 50 per cent. of the stioke, 
and later for high speeds. 

On the P. L. M. the reversing-shafts 
are, on the contrary, actuated at the 
same time, so that they always take the 
same fixed relative position. 

The starting apparatus usually con- 
sists of a large cock, which can interrupt 


the exhaust pipes from Eoth high- 
pressure cylinders. 

New boilers are mest often of the 
Belpaire type, the crown plates of the 
inside and outside shells being horizental 
and stayed together (Figs. 13 and 14). 
The ordirary side stays are made of 
copper, and perforated on their whole 
length, the hole being plugged from 
the outside. 

For some years ribbed or Serve tubes 
have been in general use (Fig. 15). 
These tubes are genetally 70 millimetres 
(22 in.) external diameter. The trials 
made in the workshops of the 
P. “L. (MM. and» of the eNoni=iase 
shown that these tubes were just as 
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FIG. I4.—DETAILS OF BELPAIRE FIRE-BOX, 


suitable as ordinary tubes having the 
same internal surface in contact with 
the hot gases; the results obtained in 
service confirm these trials. The tube 
plates appear to last longer with these 
big tubes, because the distance between 
the holes is generally larger than with 
the ordinary tubes. On the other hand, 
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one might have anticipated that the 
ribbed tubes would have an injurious 
action upon the plates, because they 
expand more than ordinary tubes, the 
ribs being more highly heated; but no 
inconvenience due to this cause appears 
to have been proved in France. For 
cleaning these tubes, a jet of steam is 
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FIG, 15 —SECTION OF SERVE OR RIBBED TUBE. 
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generally employed; but this jet does 
not always suffice, and it is necessary 
from time to time to clear out the 
deposits of coke from between the ribs. 

Boilers are frequently constructed of 
mild steel plates; the fire-boxes are of 
copper. The trials of steel fire-boxes do 
not appear to have given any economy, 
although the saving in weight is im- 
portant. 

Direct-acting safety-valves (Adams, 
Lethuillier-Pinel, etc.) are more and 
more replacing the old arrangement 
with a lever; these valves, if not kept 
in very good order, are hable to give 
excessive escapes of steam. 

In former French construction the 
barrel of the boiler rested on an inter- 
mediate support, which is now frequently 
omitted, the boiler being carried only 
by the smoke-box and the fire-box. 

The injectors are often of the Sellers 
or Friedmann lifting type. They are 
not unfrequently mounted upon the 
fire-box back-plate, with an internal 
delivery pipe. 

A special feature of the recent boilers 
is the extended smoke-box, whose length 
iSma DOU 2uliasOl 7 tte LecOUpectect 
this extension is to provide room in 
the box for the cinders without choking 
the lower tubes. With an active com- 


Engineering Times, 


bustion, the quantity of these cinders, 
consisting of ashes and small pieces of 
coke, is sometimes very large at the end 
of a long run. A wire screen is provided 
to prevent the escape through the 
chimney of the biggest pieces, the use 
of this screen being compulsory in 
Prarnce. 

The exhaust usually takes place 
between two movable flaps, giving a 
variable section. This variable exhaust 
can be easily adjusted to the proper size, 
according to the service of the locomotive 
and the quality of the coal; besides, at 
the end of a long run, if the grate is 
partly choked by slags, a very powerful 
blast is required. The drawback of 
this device is that, although a very 
simple piece of mechanism, it is hable 
to stick after a short service, owing to the 
accumulation of a kind of very hard soot. 

Not much need be said of the tenders. 
They rest on two or three axles, and, in 
a few cases, on two bogies, according to 
the weight of coal and water. The use 
of the Ramsbottom scoop, for picking 
up water, is yet very limited in France ; 
the Etat system has recently adopted it. 

In concluding, it is worth mentioning 
that elegance in the design of locomo- 
tives now receives much more attention 
in France than formerly. 
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AMERICAN LOCOMOTIVE PRACTICE. 


By GEO. L. FOWLER, 


HE American locomotive, as it 
stands to-day, is essentially an 
example of the product of the 

United States that has been developed 
along the lines laid down by the require- 
ments of the service which it has been 
called upon to perform. The earliest 
engines used in America were imported 
from England, but their wheels had 
hardly started to turn before manu- 
facturers of machinery in the United 
States began to direct their attention to 
locomotive construction and design. At 
first, as was quite natural, the work was 
done in partial imitation of what had 
been imported; but it was soon found 
that the wheel arrangement and the 
details of the construction of the ma- 
chinery of the English engines could be 
advantageously modified. 

The result was that during the forties 
there were numerous attempts made at 
improvements; some were valuable, 
some absurd, and others almost fantastic. 
Various types of wheel arrangements 
were tried and discarded, until along in 
the fifties the standard design had settled 
down to be an eight-wheeled engine, 
with four wheels coupled and a bogie 
truck in front. 

At first these engines were built with 
the cylinders between the frames, but the 
trouble that was experienced in the 
manufacturing and maintaining of the 
crank axles, together with the crowding 
of the machinery into that narrow space, 
soon led to the spreading of the cylinders 
and the placing them outside the frames, 


with the connections taking hold of 
crank pins placed directly in the driver 
centres. This change gave some annoy- 
ance at first owing to the inclined position 
of the cylinders. It was soon remedied, 
however, by bringing the cylinders down 
into a horizontal position, and the engine 
thus became practically standardised. 

This type of locomotive was then used 
for many years in all classes of service— 
freight, passenger (both express and 
local), work trains and construction. 
It was put to work on the prairie and 
on the mountain, and on tracks in all 
sorts of conditions of maintenance, and 
answered the purpose remarkably well, 
so long as the rails were light, the road- 
bed unequal to the carrying of heavy 
loads; and managers had not learned 
the economy of large trains and _ high- 
capacity cars. 

In 1870 the average weight of these 
engines was about 35 tons, with perhaps 
25 on the driving wheels. The attitude 
taken by the master mechanics at that 
time, was that the weight of engines had 
attained such enormous proportions that 
a further increase was out of the question, 
and that the next step in advance would 
be in the direction of a reduction of that 
weight. 

At this time wood, which for many 
years had been the fuel used, was dis- 
appearing, and since 1870 bituminous 
coal has been the only recognised fuel on 
locomotive engines, except in the case 
of those working in the anthracite regions. 

During the years from 1870 to 1880, a 
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great deal of work was done all along 
the line of railroad improvement. Steel 
rails became standard practice, and steel 
plate was almost universally adopted for 
boiler construction. Iron was still exten- 
sively used for axles and the working 
parts of the machinery, but the use of 
steel was extending, and exerting an 
influence on design. 

Up to this time, with the exception of 
the anthracite burning engines which will 
be mentioned later, the fire-box was set 
down between the frames and between 
the driving axles. Asthe frames were of 
bars usually about 4 in. wide; as 8 ft. 
was considered a long wheel-base ; and 
as the fire-box must needs clear the 
excentrics at the front and the axle-boxes 
at the rear, it was necessarily very 
narrow and short. Such fire-boxes, even 
with a g ft. wheel-base, would scarcely 
have more than 18 sq. ft. of grate area, 
while the heating surface of the boiler 
lay between 1,100 and 1,200 sq. ft. The 
cylinders of such engines were usually 
16 in. in diameter, with a piston stroke 
of 24 1n., working with a boiler pressure 
of 125 lb. per sq. in: 

The demand for faster service, coupled 
with the increasing weight of trains, 
forced an issue, and in 1881 a great step 
in advance was taken. Mr. Theo. N. 
Ely, who was at that time superintendent 
of motive power of the Pennsylvania 
Railroad, had the courage of his con- 
victions, and raised the boiler so that the 
foundation ring of the fire-box was 
placed on top of the frames. Many 
were the dire predictions that were made 
regarding the fate of this top-heavy 
engine, known as Class K. In fact, the 
sound of the croaker was so loud that, 
despite the fact of the most careful cal- 
culations showing perfect stability, even 
the minds of the officials were affected, 
and on the first run from Altoona to 
Harrisburg, the speed was limited to 4o 
miles an hour. The engine, however, 
was so steady that on the return trip a 
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spzed of 60 miles an hour was run over 
some of the sharpest curves of a very 
crooked road. The machine did not 
upset, it did not leave the rails, and a 
new era in locomotive building was 
inaugurated. 

This change made an indefinite exten- 
sion of the length of the fire-box pos- 
sible, a length that was only limited 
by the ability of the fireman or stoker to 
handle the fuel and place it properly. 
The result of this is that the dimensions 
have increased to a length of as muchas 
12 ft. The width, however, has still 
been limited in this design to what can 
be worked in between the tyres of the 
driving wheels. 

With the increase in the size of the 
fire-box came a corresponding increase 
in the heating surface, the diameter of 
the shell, and the pressure of steam. 
The heating surface advanced by 
Ioo sq. ft. at a time; tubes were 
lengthened from 11 ft., until now 16 ft. 
are used; and the shell has even touched 
a diameter of 6 ft. 

The form of the boiler underwent 
many modifications. The waggon-top 
has been flattened and extended until it 
now reaches well out over the shell. 
Frequently the straight-top boiler is 
used where the great size and height 
of the shell renders any further rise im- 
possible. The crown-bar method of 
supporting the crown-sheet of the fire- 
box has disappeared from general prac- 
tice, and this part is now held by radial 
stays, or is built on the Belpaire design. 

The steam pressure has been raised 
from that of 20 years ago at 125 lb. 
to an average for general practice of 
about 180 lb., with a use of 200 lb. so 
frequent as to excite no comment. 

The weights of engines have also risen 
from the 35 tons of thirty years ago to 
a maximum of 125 of to-day. The pro- 
portion of light engines weighing less 
than 100,000 Ib. 1s daily growing less. 

All of the advantages that could be 
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gained by the location of the fire-box 
above the frames were obtained by 
1891, and builders began to cast about 
for the means of still further increasing 
the power of the express locomotive. 
This meant an increase of _ boiler 
capacity, which could only be brought 
about by an increase of grate area and 
of heating surface. The result of this 
pressure is found in what was known as 
the ‘“‘Columbia”’ type of engine, in which 
there were four driving wheels, all set in 
front of the fire-box, with a two-wheeled 
truck at the forward end, and a pair of 
rather large trailing wheels under the 
foundation-ring. This was at once 
superseded by the ‘‘Atlantic” type, in 
which a four-wheeled truck was substt- 
tuted for the one with two wheels. This 
gave a further opportunity for an increase 
in the width of the fire-box. By succes- 
sive modifications in the construction of 
the frame and the design of the axle- 
boxes for these trailing wheels, a width 
of more than 6 ft. has been obtained, 
while a length of g ft. makes the proper 
handling of the fuel well within the 
capacity of the fireman. This gives :a 
grate area of 54 sq. ft. Such a boiler 
would have about 2,800 sq. ft. of heating 
surface, would carry a pressure of 210 
Ib. per sq. in., and supply steam for 
cylinders 20 in. in diameter, and having 
a piston stroke of 26 in. 

What has thus far been said applies 
more particularly to the developments of 
the passenger locomotive. The work 
on the freight engine has, however, not 
lagged behind. With the improved 
facilities for running heavier rolling 
stock, it was soon evident that great 
economies could be effected by increas- 
ing the tractive power of the locomotive. 
The first step was naturally that of 
adding to the weight of the eight-wheeled 
or American type. What was con- 
sidered a safe load for the wheels was 
soon reached, and still it was desired 
to increase the availability of the power 
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that the boiler could produce. This 
brought about the re-introduction of 
another form of eight-wheeled engine, in 
which there were three pairs of driving 
wheels, led by a ‘‘ pony” or ‘ bissel”’ 
truck having a single pair of wheels. 
Such an engine was nicknamed a 
“Mogul,” and such it has been called 
ever since. 

Further demands for an increase of 
power led to the addition of another 
pair of driving wheels, and the last 
form of freight locomotive, or the 
‘‘Consolidation,’ was brought out. 
This has four pairs of driving wheels 
with a pony truck at the front. It is 
one of the heaviest class of freight 
locomotives, and is used as the standard 
on the majority of American railroads; 
the heaviest having a total weight of 
250,300 lb., of which 225,200 Ib. are 
upon the driving wheels. These engines 
have cylinders 24 in. in diameter anda 
piston stroke of 32 in., working with a 
boiler pressure of 180 Ib. per sq. in. 

Owing to a prejudice that is wholly 
unwarranted by the facts of the case, 
the ‘‘ Mogul” type of engine is not a 
popular one for passenger service, 
although it is frequently so used. 
There is a fear regarding the liability 
of the pony truck to leave the rails at 
high speeds, which is not based upon 
one iota of evidence that it has ever 
done so. The matter has been discussed 
repeatedly before the American Railway 
Master Mechanics Association, without 
provoking a single statement that such 
a derailment has ever occurred. How- 
ever that may be, the fact of the existence 
of the prejudice remains, and it has led 
to an extensive use of what is known as 
a ‘*ten-wheeled’’ locomotive. These 
engines have six wheels coupled and a 
regular four-wheeled bogie truck at the 
front. They are extensively used in 
both freight and passenger service, and, 
on some roads, the work is done inter- 
changeably with the same engine. They 


American Locomotive Practice, 321 


FAST PASSENGER LOCOMOTIVE, BUILT BY THE BROOKS LOCOMOTIVE WORKS, DUNKIRK, 
NEW YORK. 


Enchinaes 


““AMERICAN”’ TYPE OF EIGHT-WHEELED EXPRESS PASSENGER LOCOMOTIVE, BUILT BY THE 
PENNSYLVANIA RAILROAD AT THE ALTOONA SHOPS, 


322 


are admirably adapted for work on high 
speed passenger trains where the load 
is heavy, and they are capable of making 
very fast time. 

While these four classes may be said 
to cover the majority of the engines in 
use upon American railroads, they by 
no means include all of the wheel 
arrangements that have been built. 
These have run nearly the whole ground 
of the possibilities of the case, and have 
been adapted to meet a very wide range 
of special requirements. To even 
catalogue all that has been done in this 
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of which 87,000 lb. will be on the driving 
wheels. The ‘ Atlantic” type will 
have 20 in. by 26 in. cylinders and will 
weigh 162,000 lb., of which 87,000 Ib. 
are on the drivers; the ten-wheelers 
will have 20 in. by 26 in. cylinders, and 
will weigh 145,000 lb., of which 
Iog,000 lb. are on the drivers; the 
“Mogul” will have 20 in. by 24 in. 
cylinders, and carry 109,000 Ib. on the 
drivers out of a total of 125,000 Ib.; 
and the ‘‘ Consolidation”’ with 20 in. by 
26 in. cylinders will weigh 146,000 Ib., 
and have 129,000 lb. on the drivers. 
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respect would require far more space 
than the limits of this article will allow. 

In the matter of the weights of 
locomotives used in the United States, 
these vary like the size of a piece of 
cheese. As already stated, the average 
of these weights has been greatly 
increased during the past thirty years, 
and now ranges between wide limits. 
As a statement of the general average 
of weights of the five classes, as they 
are used upon the principal roads, it 
may be said that the eight-wheeled or 
American type will have cylinders 1g in. 
in diameter with a piston stroke of 
24 in., and will weigh about 127,000 Ib., 


The rating of these engines varies 
within wide limits, according to the 
service ; in Some cases running as high 
as 4,000 tons for the load behind the 
tender. 

Up to this point the engine has been 
considered solely as a burner of bitu- 
minous coal. In the anthracite coal 
regions, that fuel is universally used. 
The requirements are that there shall be 
a very large grate and a comparatively 
low rate of combustion. Asa shallow 
fire can be worked, the fire-box used 1s in- 
variably of the ‘‘ Wootten ”’ type, usually 
with the combustion chamber omitted. 
These fire-boxes are very wide, often 
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having a width of 7 {t. or more, and are 
set above the driving wheels. This, 
of course, necessitates a rather high 
centre for the shell, but the fastenings 
and arrangements are purely matters of 
minor details. 

American engineers have also been 
hard at work at the solving of the 
problem of the successful construction 
of the compound locomotive. It is a 
curious fact, however, that with one or 
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built by the Richmond Locomotive 
Works, of Richmond, Virginia. 

This system has been extensively 
advertised by means of an exhibition 
locomotive, yclept the ‘‘ Tramp,” that 
has been sent from one end of the 
country to the other, giving exhibitions 
and working in a service competition 
with che engines of the roads visited. 

The engine is of the two-cylinder 
type, and its pecuharity lies in the con- 
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two exceptions the whole work of ex- 
ploitation and development of the system 
has been done by the builders, with but 
very little assistance and still less en- 
couragement from the railroad officials, 
who were most vitally interested in 
saving that would be effected. The 
builders have, however, worked hard, 
and each one has his pet scheme of 
compounding, protected by patents, 
which he exploits. As it is quite 
impossible to describe them all, one 
can be selected as typical of the practice, 
and which is now being extensively 
used. The one thus chosen is that 


struction of the intercepting or starting 
valve. This valve is located in the 
cylinder casting of the low-pressure 
cylinder. It is arranged to close at the 
instant of opening the throttle when 
starting, and thus cutting off the passage 
of the steam from the receiver to the 
low-pressure cylinder. At the same 
time a passage is opened from the 
boiler to the low-pressure cylinder, 
admitting steam to the latter at a 
reduced pressure, and enabling the 
engine to start. This reduction is 
entirely automatic, and the pressure in 
the large cylinder never exceeds the 
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predetermined amount. As the engine 


moves, the exhaust from the high- 
pressure cylinder passes into the 


receiver, and as soon as the pressure 
in the latter equals that in the large 
cylinder, the intercepting valve opens 
for the passage of steam from the 
receiver, closes the valve admitting live 
steam from the boiler to the low-pressure 
cylinder, and the engine works as a 
compound. 
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The intercepting valve is also pro- 
vided with an emergency valve, by 
which the former can be held shut and 
the high-pressure exhaust allowed to 
escape into the atmosphere, thus working 
the locomotive as a simple engine as 
long as the driver may desire. It may 
be added, however, that this is only 
done at low speeds, and where a heavy 
load is to be moved. When the speed 
reaches seven or eight miles an hour, 
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the exhaust becomes so choked that a 
further increase is impossible, and the 
driver is compelled to work it as a com- 
pound in self-defence. This prevents 
an abuse of the emergency valve, with 
the resulting wastefulness at the hands 
of a careless driver. 

These engines are also provided with 
a by-pass valve that opens automatically 
when steam is shut off, and establishes 
a free communication between the two 
ends of the cylinder, thus preventing the 
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of Europe, is possessed of certain 
features and peculiarities that are its 
own. If, however, I were asked to 
name its most prominent and valuable 
characteristic, I should say it was to be 
found in the extreme simplicity of its 
construction and great accessibility of 
its parts. In the case of the ordinary 
engine there 1s hardly a bolt or a working 
piece that cannot be readily inspected 
from a pit or the ground. 

There may be many reasons for this, 
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fanning of the fire when the engine is 
drifting without the use of steam. 

The coal saving that is effected by 
these engines varies between wide limits, 
according to the service, quality of coal, 
and design of the engine. The builders 
guarantee 15 per cent.; the engines 
have saved as much as 35 and more, 
and the average is from 22 to 25. They 
are extensively used over a wide range of 
territory, and many have been sent 
abroad, especially to the roads of Sweden 
and Finland. 


The American locomotive, like those 


but there is one which may possibly be 
considered a controlling one. For very 
many years, and indeed until very 
recently, the men in charge of the 
locomotive department of American 
railways were those who had worked 
their way up from the ranks of firemen, 
engineers, and machinists. As they had 
done the practical work of maintenance 
and repairs with their own hands, they 
appreciated the value of accessibility of 
parts as no one who had not received 
that training could possibly have done. 
The result of this training is, that the 
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American engine is a model of simplicity, 
and everything tending to a multiplicity 
or complication of parts is rigidly 
tabooed until it has most thoroughly 
demonstrated its value. Hence, in the 
case of the ordinary locomotive, it is 
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prominent features of these engines, that 
the cab is by no means an insignificant 
one. As in other countries, the early 
locomotives were built without cabs, on 
the ground that the locomotive driver 
could withstand the inclemencies of the 
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quite possible for the engineer to make 
a pretty thorough inspection of the 
running parts of the machine even in 
the brief interval that is allowed for 
oiling at a station stop. 

Turning from this general character- 
istic to details, we find, among other 


weather as well as the stage driver. 
But it was soon learned that the parallel 
did not hold in the severities of the 
northern winters in America. Not only 
was a shelter needed, but a shelter 
which would so protect the men that 
they could devote all of their energies to 


OU 


their work without being concerned to 
any appreciable extent in their own 
creature comfort. The fact that the 
men in charge of the locomotive depart- 
ment had ‘‘been there” as firemen and 
runners no doubt contributed largely to 
the quick development of the shelter to 
a warm and comfortable cab, where the 
most careful attention is paid to con- 
venience and ease. All of the levers 
and gauges are within reach of the 
engineer. He has a cushioned seat set 
on springs; the reverse lever is so 
balanced that it is easily moved; the 
brake valves, throttle lever, gauge cocks, 
sand valves and injectors can be operated 
as he sits by the window, and there is 
no excuse for any neglect of duty. He 
is not obliged to muffle himself until 
his movements are cumbersome even 
in the coldest weather, as the cab is 
warm enough to permit the wearing of 
ordinary clothing; while it can be so 
well ventilated that, during the hottest 
weather of the summer, there is no dis- 
comfort. 

It is quite true that the American 
locomotive no longer stands alone in 
the use of the cab, but for many years 
it did. 

At the other end of the machine we 
find the headlight and the pilot. The 
former is more effective as a warning to 
those on the ground than as a means of 
lighting the path of those on the engine. 
It is quite remarkable for how short a 
distance the headhght really illuminates 
the rails. While it can be seen fora 
distance of several miles, the oil light 
is scarcely sufficient to illuminate a 
telegraph pole beside the track at a 
distance of fifty rods in front of the 
engine. In fact, on a straight track 
and clear night, a car standing ahead 
could not be seen in time to stop a train 
running at forty miles an hour, before 
such an obstruction would be struck. 
The electric headlight that is now 
gaining a foothold is doing good service 
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in this respect by actually uluminating 
the track for long distances in front of 
the locomotive. 

The pilot was born and lives as the 
result of what the American considers 
his inalienable right to go where he 
pleases, and to allow his animals to 
wander wherever pleasant pasturage 
may offer. As this frequently leads to 
the use of the railway right-of-way as a 
thoroughfare and a pasture, it follows 
that the company must protect its 
trains against disaster, and this protec- 
tion has taken the form of the pilot or 
‘‘ cow-catcher,’’ which is ‘‘ very bad for 
the coo,’”’ but has saved many a train 
from being wrecked by throwing the 
intruding cow off the tracks, and even 
into the adjoining fields. 

Returning to the engine proper, we 
find that the bar frame is almost in- 
variably used. It is formed of two 
rails, the upper being the heavier, con- 
necting the pedestals in which the axle- 
boxes are placed. It is usually made in 
two sections, one extending to a point 
in front of the forward driving axle, 
where it meets and is bolted to the 
forward section that extends out to the 
front bumper beam, and to which the 
cylinders are bolted. For heavy engines 
this forward section is formed of two 
rails, but usually for cylinders under 20 
in. in diameter a single rail is used. 
The width of the frame is usually about 
4 in., with a depth for the upper rail 
of from 4 in. to 5 in. Ihe ymaterial 
used has invariably been of wrought 
iron until very recently. Of late years 
the making of steel castings has reached 
such a degree of perfection that some 
frames have been made of this material. 
That matter is, however, still in the 
experimental stage, and a frame of steel 
casting is regarded as a novelty. ‘The 
experimental condition is not one that 
arises from any doubt as to the efficiency 
of the metal, but from lack of experience 
as to whether a broken frame can be 
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readily welded with the rather meagre 
facilities that obtain in the majority of 
railroad shops. 

A great deal of study has been put 
upon the fastenings for the frames, 
especially upon the cylinder connections. 
Considerable trouble has been ex- 
perienced at this point, and this is 
particularly true with the large cylinders 
working under high pressures. Bolts 
and keys are the means used, and, on 
the whole, they are efficient. 

While on the subject of steel castings, 
it may be mentioned in passing that, of 
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that it was reversible, and could be used 
upon either side of the engine. Lately, 
however, the internal stresses set up in 
such a complicated casting when made 
in large sizes, coupled with the trouble 
at the frame fastening already indicated, 
has led a number of designers to cast 
the saddle independently, and bolt the 
cylinders to the outside, thus making 
three pieces of moderate size rather than 
two very large ones. 

The smoke-box has also been the 
subject of a deal of experimentation, 
with the result that the internal arrange- 
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late years, this material has received an 
extensive application in locomotive con- 
struction, where it can be used either as 
a substitute for expensive forgings or to 
lighten parts that would ordinarily be 
made of cast iron. These cover a wide 
range of details, such as driving wheel 
centres, foot plates, lifting shafts, rockers, 
equalisers, link hangers, and the like, 
with hardly a new design that does not 
contain some fresh application of this 
valuable material. 

The cylinders are, of course, invariably 
made of cast iron. For very many years 
it has been the custom to make the 
cylinder and half of the saddle in one 
piece. This combination was so designed 


ments have been greatly simplified. As 
now constructed, there is a diaphragm 
dropping down in front of the tubes, 
with a netting across the centre of the 
shell, and sloping up to the front end. 
The exhaust nozzle is, of course, above 
the netting, and is capped by a petticoat 
pipe or not, according to the diameter 
of the boiler and the distance of the 
stack opening above it. 

As in the development of any piece of 
mechanism, the closest attention has been 
paid to the minor details of the loco- 
motive, and there is hardly a part too 
insignificant to have been the subject of 
a report at the hands of a committee of 
theAmerican Railway Master Mechanics’ 
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Association during the thirty-three years 
of its existence. To review this work 
and to state the reasons for the final 
adoption of the details as they now stand 
is of course quiteimpossible, and decidedly 
out of place in this connection. 

In some particulars American railroad 
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men and designers have been remarkably 
fortunate in the freedom with which they 
have been allowed to work. Legislation 
in the United States is rarely evoked 
except to check a flagrant evil. Asa 
consequence of this spirit, there have 
been no statutory limitations as to speed. 


Whatever limitations of such a character . 


are imposed have been voluntary on the 
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part of the railroad officials themselves, 
and were dictated by common prudence. 
Thus, before the advent of the air brake 
a maximum speed of twenty milesan hour 
was a ordinary one for freight trains. 
Now even that has been removed, and 
forty miles is frequently touched on 
some roads. The selection of 
engineers or drivers has been 
conducted so judiciously that 
the men are not required to 
pass a licence examination by 
the State, and locomotive 
boilers are not subjected either 
to State or municipal inspec- 
tion. All this is undoubtedly 
due to the great care that has 
been invariably exercised in 
these particulars, and the fact 
that the freedom has never 
been abused. 

Finally, as for the work 
done. It will probably be con- 
ceded that American locomo- 
tives are worked as hard or 
harder than any others in the 
world. The result is that 
with the high rate of com- 
bustion upon the grate, often 
rising above 150 lb. of bitum 
nous coal of good quality 
per square foot per hour, and 
the high temperature of the 
smoke-box gases, the rate of 
evaporation is low, but the 
actual work done enormously 
high. Trains of from 2,000 to 
4,000 tons behind the tender 
are of daily occurrence, and 
this frequently means as much 
or more than 2,000 tons of paying 
load. The speed of such trains will 
probably average from twelve to fifteen 
miles an hour over a division, including 
all delays and stops. 

In passenger trafic the weight of 
train behind the tender is frequently 
400 tons and over, scheduled for from 
35 to 40 miles an hour over a division, 
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including all stops. For regular high 
speed traffic the Empire State express 
over the New York Central & Hudson 
River Railroad is a fine example of 
long distance running. The distance 
is 440 miles, and the running time, 
exclusive of stops, 8 hours and g 
minutes, giving an average speed of 
50°18 miles an hour while the train is 
in motion. This also includes two stops 
for which no allowance has been made. 

Another notable run is that of the 
Philadelphia & Reading Railroad from 
Camden to Atlantic City, a distance 
of 55°5 miles, that has been made in 
47 minutes, or at a rate of .7o°8 miles 
per hour. As an example of very fast 
running: when this train was first put 
on the schedule speed for the first 50 
miles was made so fast that the engine 
could not possibly make it. An allow- 
ance of fifteen minutes was then made 
for the balance of the run, which enabled 
thestrain to atrive at the terminal on 
time. The engineer was then instructed 
to make time if he could, and a man 
with a stop watch was put upon the loco- 
motive to report results. The schedule 
was kept in operation for ten days, with 
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the result that for six consecutive days 
on one stretch of twenty consecutive 
miles, every mile was covered in less 
than 48 seconds, or faster than 75 miles 
an hour. 

This is for regular running, but fast 
spurts are quite common. For a com- 
paratively long distance the record is, 
I believe, held by the Lake Shore and 
Michigan Southern Railway, where a 
run of 86 miles was made in 70 minutes 
and-46 seconds, or 72°91 miles per hour, 
by a ten-wheeled engine hauling a train 
weighing 304,500 lb. Single miles are 
frequently covered at exceptionally high 
speeds. A mile in 45 seconds is not 
uncommon on the line between New 
York and Philadelphia, while the record 
stands at 38 seconds. The fastest time 
is, however, claimed for a New York 
Central & Hudson River engine, that 
covered a mile in 32 seconds, or some- 
thing more than 112 miles an hour. 

Such, then, in brief, are the steps that 
have been followed, and the final results 
that have been achieved, both in the 
service rendered and the mechanical 
construction of the locomotive engine 
as exemplified by American practice. 
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POWER INTERLOCKING AND THE LOW PRESSURE 
PNEUMATIC SYSTEM. 


By JOHN P. O’DONNELL, M.Inst.C.E., M.I.Mech.E, 


HE subject of power interlocking, 
that is to say, the substitution 
of power to produce the move- 

ments of interlocked points and signals 
for the manual levers commonly in use, 
has been prominently before the rail- 
roads both in Europe and in the United 
States for a number of years. 

Various systems have been devised 
for accomplishing the desired result, 
and have been put to practical use with 
more or less success. 

Very strong reasons make the general 
introduction of such a system eminently 
desirable. The tendency of modern 
railroads is to increase the carrying 
capacity of their roads by speedier 
manipulation of the trains, and shorter 
intervals between train movements. 
This speed of manipulation, so far as 
stations—particularly terminal stations 
—are concerned, is dependent upon the 
rapidity with which the necessary point 
and signal movements can be executed 
with safety and certainty. 

With a manually operated interlocking 
plant, the physical effort involved, which 
is frequently very great, will limit the 
speed of manipulation before any other 
consideration. If this physical effort 
is reduced to practically nothing, the 
speed of a cycle of movements can be 
greatly increased. The comparatively 
great distance through which a mecha- 
nical lever must be pulled to effect 
the switch or signal movement desired, 
also lessens the number of successive 


movements possible in a given time 
interval, and can be easily avoided in a 
power system. | 

Another circumstance which argues 
for the introduction of power plants 
is the resultant economy. In the 
manually operated interlocking plant, 
the operator’s labour is very exacting, 
and he can handle only a comparatively 
small number of levers, so that a large 
cabin requires a large number of men 
in several shifts. 

With the power plant, the number 
of levers handled by one man depends. 
merely upon his watchfulness, and not 
upon physical strength. As a con- 
sequence, there can be a considerable 
reduction in the labour account, while 
safety is enhanced instead of being 
decreased. In order to keep the trains 
moving with regularity and despatch, 
and to avoid errors, it is necessary 
that the operator’s attention and intelli- 
gence be always alive, which cannot 
be the case when he has to do hard 
manual labour which wears him out in 
a short time. 

Considering the manual effort as a 
source of power, a further economy 
results from the fact that the absolute 
quantity of power used for the manipu- 
lation of the parts is much less in 
power interlocking than in manual. 
It must be remembered that, par- 
ticularly in a large railroad station 
in which many of the points and 
signals are distant from the cabin, 
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but a small part of the power applied 
to the levers is transmitted to the 
points. The greater part is lost by 
friction and by the inertia of the 
transmitting organs, whose resistance 1s 
considerable. With a well-constructed 
power plant, furnishing power which 
can be transmitted to a distant point 
without appreciable loss, it takes no 
more actual power to move the dis- 


tant switch than the near one. The 
power used is dependent merely 
upon the resistance of the points 


themselves. 

This consideration, furthermore, makes 
it possible to concentrate two, or even 
three, cabins into one, while still ob- 
serving the necessary requisites of safety 
and ease of manipulation. The expense 
of duplicating cabins can therefore be 
avoided. 

Having recognised the utility of power 
interlocking, it becomes necessary to 
choose the kind of power which is to 
be employed. 

The three classes of power trans- 
mission which are to be considered, 
are as follows :— 

1. Electric transmission. 

2. Hydraulic transmission. 

3. Pneumatic transmission. 

The first of these three classes, that 
is to say, electric power transmission, 
would appear to be the most desirable, 
as it is at the present time very widely 
used, especially on the Continent, and 
electric power can easily be transmitted 
to any required distance. But the 
general requirements of railroad work 


must be taken into consideration. 
Electrical apparatus is necessarily 
complicated, fragile, and easily dis- 


turbed by outside influences. Simpli- 
city and rigidity of the apparatus is 
essential to the satisfactory operation 
of any mechanical equipment on a 
railroad. 

The electrical motors which form the 
typical moving elements of electric 
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power transmission have a high speed 
rotary motion, whereas the move- 
ments of the points and signals must 
be rectilinear, gradual, and without 
shock. 

Gearing must therefore be interposed, 
which will use much power by friction 
and by the effort of starting and stop- 
ping; the time consumed in starting 
and stopping will increase the interval 
between successive movements, and 
therefore prevent the rapid handling of 
the traffic. 

Another important point to be con- 
sidered in connection with electric 
power is the fact that in every railroad 
yard a great many electric conductors 
are used for other purposes than the 
signalling plant, and must be placed in 
proximity to the electric transmissions 
for the points and signals. 

The danger of induction currents is, 
therefore, always present, and can 
hardly be avoided. Experience with 
electric plants has shown that signals 
have gone to safety and derails opened, 
causing accidents, merely through 
these induction currents. As safety 
is, of course, the prime requisite in 
any well-constructed apparatus of this 
nature, this fact alone may be con- 
sidered sufficient to condemn the use 
of electric power. Everything must 
be so arranged that any failure of 
the plant or error on the part of 
the operator cannot possibly sanction 
an unauthorised movement of the 
train, or cause an involuntary switch 
movement. 

All the above-mentioned evil features 
are present in the well-known Siemens 
and Halske system, used to some extent 
on the Continent, as well as in the more 
recent experiments of the London and 
North Western Railway at Crewe, 
which latter closely follow the lines of 
the German system, and, as far as can 
be gathered, show no improvement 
over it. 
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The maintenance also of an electric 
plant is considerably greater than that 
of an all pneumatic plant, for although 
the maintenance of the source of power 
may be taken, for the sake of argument, 
as the same in each case, the operative 
parts in the former for transmitting 
movements to the switches and signals 
are more delicate, require greater care 
on the part of the repair men, and also, 
as above stated, the liability to derange- 
ment is much greater. Even the present 
mechanical (rod and wire) signalling is 
much less expensive in maintenance 
than the electric system, although it 
is much more expensive than an all air 
Systeln. 

Under the four heads, therefore, 
of (1) rapidity in train movements, 
(2) safety, (3) maintenance, (4) initial 
cost, the all electric system must fail in 
its bid for the support of the railroads. 

As regards hydraulic transmission, 
two main objections may be formulated. 

In the first place, it has been found 
necessary to work at the excessive 
pressure of 750 lb. per square inch 
(50 atmospheres) in order to obtain the 
necessary speed. As a 
very heavy tubing must be employed 
to resist the strain, and any defective 
part of this tubing will cause it to burst 
and the water under high pressure to 
escape and do serious damage. ‘The 
cost of such tubing is very considerable. 
The only hydraulic system (the Bianchi 


consequence, 


system) which has been used to any 
extent, necessitates heavy drawn copper 
tubing; this tubing is only carried toa 
certain distance beyond the cabin, and 
after the cost runs up too high, trans- 
mission to a greater distance is done by 
mechanical means (rod and wire con- 
nections), thus doing away with some 
of the chief advantages of power plants. 

Hydraulic transmission has _ been 
found in practice to be very slow. In 
consequence of the high pressure, the 
friction against the inner walls of the 
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tubes is very great and causes consider- 
able retardation. It is well known that 
this retardation will more 
rapidly as the pressure increases. 

The second objection to hydraulic 
transmission 1s found in the danger of 
freezing of the water, thereby destroying 
the utility of the power plant and 
damaging all the apparatus. 

It has been attempted to avoid this 
danger to a certain extent by adding 
glycerine to the water, but, besides 


increase 
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being costly, experience has shown that 


this remedy is not infallible. In very 
severe weather, the glycerine’ will 


separate from the water, and ice forma- 
tion will take place. On the Moscow 
Kazan railroad in Russia, the Bianchi 
system was experimentally introduced, 
but the mixture of water and glycerine 
froze frequently, and the only manner in 
which the plant could be kept partially 
in service was by using petroleum. 
Again under the four heads, (1) rapidity 
of train movements, (2) safety, (3) main- 
tenance, (4) initial cost, the all hydraulic 
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system must fail in its appeal to rail- 
roads, as indeed it has failed; for it has 
been before the railroads of Great Britain 
for more than ten years, under the 
auspices of an eminent firm of signalling 
engineers, Messrs. Saxby and Farmer, 
Limited, with the result that no railway 
company in Great Britain has ever used 
this system in regular serious service. I 
Say serious, because no doubt it will be 
said that Messrs. Saxby and Fatmer are 
about to put down a plant somewhere, 
or have one in experimental use, or 
used in’some duty not exactly applicable 
to railroads, such as the Tower Bridge 
plant. 

There is also a type of apparatus in 
-~which one kind of power is used for 
transmission and another kind for 
actuating the switch or signal move- 
ments. Suchsystemsare:—Theelectro- 
pneumatic and the hydro-pneumatic. 

It is quite evident that these systems 
have most of the disadvantages of electric 
and hydraulic transmission, and are open 
to other objections besides. Forinstance, 
there must be two sources of power to 
furnish the two kinds of power required, 
and as each of these power sources 
requires separate care and attention, 
maintenance becomes costly and com- 
plicated. 

The representative system on this 
principle is the Westinghouse electro- 
pneumatic. In this apparatus, the 
working of the points and signals is 
done by compressed air supplied from 
a main, but the valves admitting air 
pressure to the working cylinders are 
opened by an electric current trans- 
mitted from the cabin’ levers. The 
strength of the electro-magnets opening 
these valves is necessarily limited, and 
consequently the valves must be very 
small and the construction extremely 
delicate and liable to derangement. 
The valve openings must be small to 
correspond with these valves and also 
to avoid shocks, so that a comparatively 
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high air pressure is required, and all 
the dangers of leaks and condensation 
are present. These small openings are 
easily obstructed by any small particles 
carried by the air. The danger of 
unauthorised movements through in- 
duction currents is as great in this 
system as in the all electric devices. 

The rules of the Railroad and Com- 
merce Commission of the State of Illinois 
more nearly approximate the English 
Board of Trade Rules than any other 
Stateinthe Union. ‘These rules enforce 
one of two things, viz., either derails 
wherever one road crosses or intersects 
another, or, failing derails, all trains 
must be stopped before passing over 
the intersecting point. 

The Stewart Avenue plant at Chicago 
is worked on the electro-pneumatic 
system ; and the officials in charge rather 
than put in derails stop all trains at the 
intersecting point, therefore there are no 
through trains at this plant. This would 
appear to be a serious disadvantage in 
the electro-pneumatic system. 

In the Railway and Engimeering 
Review of March 16th there is an 
illustration, with a fairly accurate de- 
scription, of the arrangement of switches 
and signals operated from Towers A and 
B, Sixteenth Street Subway, Chicago and 
Western Indiana Railroad (see plans of 
roads, Figs. 1 and 2), which handles the 
same traffic as the Stewart Avenue plant 
above referred to, being only half a mile 
away from this plant. In this plant (Six- 
teenth Street Subway) derails have been 
inserted in accordance with the rules of 
the State, and permission has been given 
by the State to run trains through with- 
out stopping. The officials in charge 
of this place, deeming that the low 
pressure pneumatic system of handling 
derails afforded, according to their views, 
sufficient safety, have therefore sanc- 
tioned the running of through traffic, 
and trains of the following railroads 
enter Dearborn Street station over this 


ens 


339 


» YAMOL WONT GALVUAdO SHHOLIMS ANV S7IVNDIS HO LNANADNVUUYV INIMOHS—? ‘OIA 


he ; : = , 
{ /geyusny } 


. “PMY bury ropsayu 


—— « Oe eee 


4 UM 232500 
eae enh one ole) Pines Lie oe eu eee 2 


SX BOWS 29.04 
~~ 


~ 


1S W151 10. ¥ 4OMO, YM AyptH0of parry ; 
OP 62-92-£2-92-52:$-24 seubio” 


er = 


Seog aoe 738 
: WIS 2142379 Onto) 4..2¢7 seube~~ 


Be ee a 
1S 4442 fo au7'z oe bpd bas ea ‘ 


«WV, YAMOL WOU G4LVu4ddO STIYNDIS ANY SHHOLIMS AO LNANAONVUUV ONIMOHS—'I ‘S14 


CYS W442, Be 
maby Or Set Soule 


pe ESS 


_ PHUYS 292 


340 


plant :—Chicago and Eastern Illinois 
Railroad, Wabash Railroad (two divi- 
sions), Chicago and Eerie Railroad, 
Chicago and Grand Trunk Railroad, 
Chicago, Indianapolis and Louisville 
Railroad, and the Aitchison, Topeka and 
Santa Fe Railroad, each and all of these 
railroads carrying a big suburban traffic 
as well as their main line traffic. There 
is a tunnel a quarter of a mile long, 
which is governed by track circuit, 
between the two towers A and B. The 
signalling arrangements at this place 
allow of a train every 30 seconds through 
the tunnel. 

In all of the principal systems herein- 
before described, there is a distinct break 
or time interval in each lever operation, 
which necessitates the signalman re- 
maining at the switch operating lever 
until the indication has returned to the 
cabin, and to then complete its final 
motion before he can proceed to operate 
the correlated signal lever. This alone 
is fatal in any up-to-date system, for, as 
I have stated before, the first essential 
is rapidity in moving the operating 
levers, rapid transmission of power to 
the objects to be moved, and by these 
rapid results quicker train movements, 
the track of railroad governed by the 
signalman yielding better results to the 
railway company. 

In considering 
transmission, it 


the all pneumatic 
will be found to 
have none of the disadvantages men- 
tioned in connection with the other 
systems. 

The apparatus can be simple and 
strong; there is no danger of freezing 
or of leakage at low pressure; an 
essential to successful pneumatic opera- 
tion of switches and signals is the use 
of air at low pressure, for reasons which 
will be pointed out in connection with 
the following description of a low pres- 
sure pneumatic interlocking apparatus, 
extensively used in the United States, 
and now being introduced into Great 
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Britain by the British Pneumatic Rail- 
way Signal Company, of which the 
writer is chairman. 

As a pioneer in railway signalling to 
some small extent—-having built up one 
of the largest, if not the largest, works 
for the manufacture of railway signalling 
appliances in Great Britain—I have 
been looking out for some seven or eight 
years for a power system of signalling 
that I could confidently recommend to 
the railroads, embracing the four essen- 
tial elements already set forth herein, 
and to these must be added that com- 
parative rough and readiness (absence of 
delicate parts and scientific knowledge) 
necessary in any mechanism required to 
be fixed to the road bed of a railway, 
subject to the climatic conditions of this 
country, and to the class of repair men 
generally employed. 

I made personal examinations of the 
several signalling systems in the United 
States last autumn, and I was fortified 
in my opinion that the all air low 
pressure system was the only one likely 
to appeal with success to the British 
railroads, by the fact that, with one 
single exception, I believe all the power 
system contracts given out in the 
United States during the last two years 
were awarded to the Pneumatic Rail- 
way Signal Company of Rochester, the 
owners of the low pressure system. 
My opinions and statements are open to 
the criticism of the promoters of the 
other power systems. I invite criticism. 
It is time the railroads of this country 
took a deeper interest in power signal- 
ling, for it is only bya reduction in fixed 
charges and getting a greater use out of 
their existing lines that they can keep 
up with the increased labour bills and 
price of materials. I therefore make no 
apology in appealing to the railroads, for 
I know too well that any system not to 
their advantage has no chance, and for 
any system that is to their advantage, 
as I am convinced the low pressure 
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system is, they will require no persuasion 
from me to adopt it. 

The low pressure system is not the 
system of a railway company. It is 
the product of private invention, namely, 
that of Mr. F’. L. Dodgson, of Rochester, 
New York, U.S.A., loyally supported 
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Co.’s works at Chippenham, by British 
labour, British capital, and _ British 
machinery. Those who introduce fresh 
industries to this country, who try to 
bring here up-to-date methods, who use 
their best endeavours to keep up sides 
with our foreign rivals, whose enterprise 


FIG, 3.—DIAGRAM SHOWING THE SWITCH MOVE- 


MENT WITH THE LEVER, THE PIPING AND 
INDICATION ELEMENTS OF DODGSON’S 
LOW PRESSURE PNEUMATIC INTERLOCKING 
SYSTEM. 
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and entirely financed by private in- 
dividuals who have spent their money 
willingly and confidently for the last 
five years. They stood to lose if it 
turned out a failure; they stand to gain 
now it has turned out a great success. 
The whole manufacture of the parts 
necessary for this system is now taking 
place at Messrs. Evans, O’Donnell & 


‘railroads in return! 


support the railroads, surely 


helps to 
ought to get some reciprocity from the 


It is with this end 
in view that I appeal to those large rail- 
roads who do all their own mechanical 
signalling to put the low pressure system 
to a thorough comparative test with the 
present system of mechanical signalling, 
feeling confident that the results, which 
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I have hereinbefore stated should be 
considered as essential to any system 
of signalling, manual or power, will be 
found to have been fulfilled in the low 
pressure system. 

The apparatus to be described is an 
all pneumatic device; there is but one 
power—that furnished by compressed 
air, and all the movements are accom- 
plished by this single force, the apparatus 
being constructed in such a manner that 


] oe 
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the most exacting requirements as to 
safety, simplicity and durability may be 
satisfied. The results are primarily 
obtained by using the air at a very low 
pressure—only 15 lb. per square inch. 
The great advantage resulting from this 
low pressure will be easily recognised 
by an examination of the construction 
and operation. 

Figs. 3 and 4 show diagrammatically, 
first, the switch movement with the 
lever, the piping and the indication 
elements ; secondly, these same parts of 
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a signal movement. The air tank is 
indicated by the letter X: it is fed 
by a compressor, which may be located 
at any convenient point. Before passing 
into the tank, the air goes through a 
coil which forms a drying apparatus, 
and the pressure, which is usually higher 
in the compressor, is reduced by a 
reducing valve placed in the supply pipe 
leading from the compressor to the tank. 
From this tank a main supply pipe is 


FIG. 4,.—ILLUSTRATING THE DODGSON LOW PRESSURE PNEUMATIC 


SIGNALLING SYSTEM. 


carried the entire length of the yard, with 
branch lines leading to the valves R 
of every signal and every switch. This 
main supply pipe, with its branches up 
to the valves, is normally always filled 
with air under pressure. The machine 
in the cabin has a set of sliding plates, 
L, provided with a handle, which are 
called “levers” by analogy with a 
mechanical system. The levers are 
connected to slide valves V, sliding on 
their seats U. The interlocking is done 
by the locking bars H in a manner 
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which will be explained further on. 
Compressed air can enter the supply 
ports of the valve seats by a pipe 


coming from the tank. It must be 


FIG. 5. 


noted, however, that there is a further 
reduction of pressure by means of a 
reducing valve placed in the pipe leading 
to the valve seats; that is to say, that 
the air which is distributed by the slide 
valves of the machine has a pressure 
of only 7 lb., or one-half the pressure 
in the main line. Two pressures are 
therefore needed: a pressure of 15 Ib. 
per square inch which is used to move 
the switches and signals, and a pressure 
of 7 lb. which is only used for trans- 
mission in the following manner :—The 
slide valve is so constructed that in two 
of its positions a port in the valve 
opens communication between the 
supply pipe of the machine and one or 
the other of two pipes O and P, whereas 
in all other positions of this valve these 
two pipes are connected to the atmo- 
sphere through the exhaust ports of the 
valve. The pipes O and P end under- 
neath the diaphragms of the valves R 
at the switch. At these points, Rk R, 
are placed diaphragm valves, which are 
called “relay valves,’’ and whose con- 
struction is shown by Figs. 3 and 4. 
The valve is opened by pressure upon 
the diaphragm, which lifts against the 
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resistance of a spring, thus establishing 
communication through the ports shown 
between the entrance and exit ports. 
The air coming from the main line 
always fills the entrance port of the 
valve, ready to enter the cylinder by 
the exit port as soon as the valve has 
been lifted. 

Fig. 5 shows the valve opened so as 
to admit air from the supply to the 
outlet leading into the cylinder. Fig. 6 
is a section in a plane at right angles to 
Fig. 5, showing the valve closed, the 
supply cut off, and the cylinder open to 
exhaust to the atmosphere through the 
exhaust ports e* e*. 

It will be noticed that the lever has 
two slots, QO and U, of the contour 
shown. Below each lever are two 
cylinders, I I. The rods of the pistons 
sliding in these cylinders carry rollers 
which are guided in the slot QO. The 
locking bar H also carries a roller at its 
upper extremity, guided in the slot U. 
Let us suppose that a movement is to 
take place. The operator will first pull 
the lever out until the roller on the 
piston abuts against the shoulder T of 
the slot, thus limiting the outward 


movement for the present. By this 


has. been 


movement the slide valve 
placed into such a position that it opens 
a passage, through its port and the ports 


of the valve seat, between the pipe C 
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and the pipe’ P. -At*the same. time; 
because of the shape of the slot U, the 
locking bar has completed one-half only 
of its vertical movement, 
manner that the interlocked levers, 
which were free in the original position 
of the switch, are now locked, whereas 
those which correspond to the reversed 
position of the switch are not yet free. 
This can be followed out by examining 
the diagram of the locking plate shown 
in Pig. 7: Lhe pipe bends underneath 
the diaphragm of the valve R. Conse- 
quently, as soon as air can enter and fill 


this pipe, the valve will be opened by the 
pressure exerted upon the diaphragm. 
Communication is thus established 
between the air in the main supply, 
or in the branch leading to the switch 
and the switch cylinder, and the piston 
of this cylinder is moved. The rod of 
this piston is directly attached to the 
switch motion plate M. This plate has 
two slots, N and N’, and the two pro- 
jections S and S’. These projections 
lock the switch in its two extreme 
positions by means of a lock bar, Y, 
fixed to the switch, and having notches 
to receive the projections. 

The switch bar W carries at its 
extremity a roller guided in the slot N. 
This slot N has two parts parallel to 
the axis of the cylinder united by a 
dagonal part. Another slot N’ in the 
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motion plate has two extreme inclined 
parts united by a part parallel to the 
cylinder axis. The indication slide 
valve D is moved by this slot by 
means of a connecting rod and a roller 
guided in the slot. In the position of 
the parts shown in the diagram, this 
slide valve is so placed that its port 
forms a communication between the 
pipe A, which unites with the passage 
leading from the diaphragm valve into 
the cylinder, and a pipe E which returns 
to the machine. In the other extreme 
position of the indication valve, com- 
munication will be established between 
the pipes F and B in the same manner. 
As soon as the piston begins to move 
forward, the indication valve will be 
moved to its middle position by the 
incline of the slot, so that all com- 
munication between these pipes is shut 
off. At the same time the switch will 
be unlocked, as the projection S’ will 
move out of the notch in the lock bar B. 
This first part of the piston movement 
will have no effect upon the switch, 
as the roller on the switch bar will be 
simply guided in the parallel part of 
the slot N. This part of the movement 
is also utilised to start the detector bar, 
which is connected to the motion plate 
by rods and a lever. As soon as the 
switch has been unlocked, the continued 
movement of the piston will move the 
switch over by means of the diagonal 
part of the slot N and the switch bar. 
During this time the indication valve 
will remain stationary. After the switch 
has been entirely reversed, the projec- 
tion S’ will enter another notch in 
lock bar Y, and the moving and locking 
of the switch will have been accom- 
plished. The last part of the stroke 
of the piston will now move the indica- 
tion valve to its extreme position, so 
that a communication will be established 
between the pipes B and F. As the 
diaphragm valve (relay valve) remains 
open, air will therefore enter the pipe F 
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from the pipe B through the indication 
valve. This pipe F, as above stated, 
returns to the machine, and ends under 
the diaphragm of another relay valve 
R a, precisely similar in construction to 
the one already described. The air 
pressure through F will open this valve 
and establish communication between a 
branch K of the main supply and a 
pipe J which leads into the cylinder I. 
It will be remembered that all these 
movements have taken place because 
of the pulling out of the lever to the 
extent limited by the roller on the 
piston of the cylinder I. When air 
now enters under this piston, the roller 
will be lifted clear of the shoulder H, 
will enter the diagonal portion of the 
slot in the lever, and, by the continued 
action of the upward pressure, will push 
this lever out still further until its 
stroke is completed and the roller abuts 
against the end of the slot. This com- 
plementary part of the stroke of the 
lever is accomplished automatically, 
that is to say, the operator is not 
obliged to wait for the indication to 
return to the machine before he grasps 
the following lever, but he can imme- 
diately place his hand on this lever, 
which will be freed as soon as the 
indication will have completed the 
stroke of the first one. It will be 
seen that the movement of the inter- 
locking bar H is completed by the 
indication stroke through the inclined 
part of the slot Z. The machine valve 
V will be in its extreme position in 
which its exhaust port will connect 
the pipe P with the atmosphere. The 
air under pressure which filled this 
pipe, and held the relay valve R open, 
will therefore exhaust, and the spring 
of the relay valve will close it, shutting 
off the main supply and opening an 
exhaust passage through which the air 
in the cylinder can escape. All parts 
will again be in a normal position of 
rest, in which all the pipes, except the 
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main supply and the supply to the 
machine, are open to the atmosphere 
and are subjected to no pressure. In 
order to move the switch back to its 
original position, the operation is pre- 
cisely the same, only the other cylinder I 
and the other relays R and R a will be 
in action as well as the corresponding 
set of operating pipes. 

It will be seen that the indication— 
that is to say, the return of air to the 
machine in order to complete the stroke 
of the lever and of the interlocking bar 
—is imperative as well as automatic. 
If from any cause whatever the switch 
has not moved over completely, or has 
not been locked in position, the indica- 
tion valve will not establish the com- 
munication above described, no indica- 
tion will be received in the cabin, and 
the levers interlocked with this switch 
lever cannot be pulled, so that no signal 
can be lowered and no conflicting switch 
moved. 

In order to operate the signals, the 
construction is similar to that of the 
points, with the exception that the indi- 
cation, which, in the points, must be 
given for both positions, is only given 
for the normal or danger position of the 
signals. There is again a lever similar 
to the switch lever, and a slide valve 
which allows air to enter one or the 
other of two pipes O and P. The 
pipe O leads to the relay valve R, and, 
opening it, allows air from the main 
supply to enter into a pipe F, which 
leads below the piston of the signal 
cylinder A, pushing the signal to safety. 
The roller of the cylinder I limits the 
stroke of the lever, and there is no 
indication. In resetting the signal to 
danger, it is have an 
indication in 


necessary to 
order to be assured of 
the fact that the signal has again 
reached its horizontal position. Instead 
of having an indication slide valve as 
in the switch movement, the indication 
valve in this case is a valve constructed 
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precisely like the relay valves, actuated, 
however, by a lever C, whose extremity 
abuts against the valve stem, instead of 
by a diaphragm. When the signal is 
in its normal or danger position, as 
shown in the diagram, this indication 
valve is open, thus establishing com- 
munication between the pipes E and N. 
As soon as the signal goes down to 
safety, the collar D on the piston rod, 
which abuts against the extremity of 
the lever and keeps the valve open, 
will move away from this lever, and 
the spring of the valve will close it in 
such a manner as to shut off the passage- 
way between the pipes N and E. In 
order to bring the signal back to normal, 
the lever is pushed in until the roller 
at the extremity of the piston abuts 
against the shoulder of the slot. As 
has been explained in describing the 
switch movement, this lever movement 
again allows air from the supply X to 
enter the pipe O. The relay valve R 
will be opened, and main supply air 
will enter the top of the cylinder above 
the piston, pushing down the latter and 
resetting the signal. It will be noticed 
that the pipe E leads to the indication 
valve B, but as this valve is closed 
when the movement begins, air cannot 
enter the pipe N. As soon as the 
signal has again reached its horizontal 
position, however, the collar D_ will 
abut against the lever, opening the 
valve E and sending air through the 
pipe N to the relay R’ of the machine, 
opening the latter and through it 
admitting pressure to the cylinder I, 
whose piston and roller complete the 
movement of the lever in the manner 
heretofore described. 

It will be seen that, as in the switch 
movement, if the signal does not go 
back to danger from any cause what- 
ever, no indication will be given, and 
the interlocking on the machine will 
prevent conflicting lever movements. 

This description of the operation of 
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the apparatus shows that it fulfils the 
most exacting requirements as to abso- 
lute safety. It is impossible to move 
a switch or a signal if any of the other 
organs corresponding to it are not in the 
correct position. Any derangement of 
the switches or signals which would 
prevent regular operation is immediately 
indicated in the cabin by the fact that 
the lever does not complete its stroke. 
It is easy to see that this means of 
operation can be adapted to any already 
existing switch or signal construction 
without any difficulty. It must be 
noted that, primarily, the system pre- 
sents an apparatus of movement and 
control, that is to say, that a rectilinear 
reciprocating motion is given to a rod 
placed near a switch or near a signal, 
and an air current is sent back to the 
machine in order to give an indication 
if the desired switch or signal move- 
ment has actually taken place. It is 
evident that the constructions by which 
the movement of the rod is transmitted 
to the switch or signal can be varied at 
will. The transmitting devices shown 
are, it is true, a part of the construction, 
but it 1s always a secondary and inde- 
pendent part. If it is desired, this rod 
may be applied to already existing 
switch and signal movements, provided 
the indication elements are preserved. 
In this manner trailing points or signals 
turning on a vertical axis present no 
difficulties. 

The use of air at the low pressure of 
15 lb. per square inch presents many 
advantages. Ordinary gas-pipe and 
ordinary joints may be used without 
danger of bursting or leakage. The 
amount of condensation which might 
occur is much less than with high 
pressure, and experience shows that it 
is an entirely negligible quantity. 
Because of the low pressure, all open- 
ings are large in section, so that there 
is'no danger of clogging the passage- 
ways. All the organs—the cylinders, 
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valves, the mechanical parts in short— 
are quite large and very strong, and 
can consequently easily resist the effects 
of the vibrations given by passing trains. 
All the pipes, with the only exception 
of the main supply and of the supply 
of 7 lb. pressure, supplying air to the 
machine, are normally open to the 
atmosphere when there is no movement, 
and any dirt, or even water, which may 
be carried along by the air, can freely 
escape. 

Another important advantage result- 
ing from the low pressure is found in 
the fact that, should the switch move- 
ments temporarily work harder because 
of reconstruction of the road bed or 
settling of the tracks, the pressure can 
be increased, or even doubled for the 
time being, without danger of leaks or 
bursting. Apparatus and pipes which 
can stand 15 lb. pressure can easily 
stand 30 lb. if necessary, whereas, if the 
ordinary working pressure is 75 or go lb., 
it cannot be much increased without 
danger. 

The speed of response of the switch 
or signal to the lever movement is 
almost as great as would be that of 
electrical transmission at a mean dis- 
tance. Experience has shown that a 
switch 500 ft. from the cabin can be 
moved and the indication received back 
in the cabin within two seconds from 
the moment the lever is pulled. 

Inspection of the construction will 
show that the durability of the appa- 
ratus is very great. The transmitting 
parts, whose proper repair and renewal 
isthe most expensive part of a mechanical 
plant, are simple pipes buried in the 
ground, in this system, and they will 
last as long as ordinary gas-pipe used 
for conveying gas, as they are not sub- 
jected to any pressure high enough to 
destroy or weaken them. The mechanical 
parts can be very rigidly constructed, 
and are subjected to but little wear. 
Experience with this system in the yard 
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at Buffalo, N.Y., where it has been in 
use since February ist, 1898, without 
a single stoppage, may show the economy 
of working. The cost of repairs has 
up to the present time amounted to 
but $3.85. As the apparatus has been 
in service during two hard winters 
without any derangement by frost, it 
follows that the question of condensa- 
tion has been effectively solved. 

It is easy to show the economy 
resulting from the use of this system. 
Besides the saving in inspectors and 
repair men, who are not nearly so 
numerous as in stations where mecha- 
nical apparatus is in use (one inspector 
is sufficient for the largest yard), the 
number of tower-men may be materially 
reduced. In the Grand Central Station 
at New York, where one of these instal- 
lations having 176 levers is in service, 
it was necessary, before the introduction 
of the pneumatic system, to have two 
mechanical towers of too levers each. 
The possibility of concentrating all the 
levers in one cabin resulted from the 
use of the pneumatic system. In these 
two cabins the number of lever move- 
ments in a day of twenty-four hours 
was 21,115. In order to accomplish 
this number of lever movements, twenty- 
three tower-men, in three shifts of eight 
hours each, were needed. With the 
pneumatic system eight men only are 
required. The New York Central Rail- 
road, which owns this station, estimates 
a saving of $12,000 a year, resulting 
from the adoption of pneumatic 
signalling. 

In point of speed, as illustrating the 
facilities afforded by the low pressure 
system, the Pneumatic Railway Signal 
Company have installed their low 
pressure system on the Philadelphia 
and Reading Railroad, under guarantee 
of providing for a train every thirty 
seconds, the farthest switch in this plant’ 
being 500 yards from the tower, and at 
this distant point from the signal cabin a 
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train has to be received and handled 
every thirty seconds. 

By comparison with a mechanical 
plant, it may be said that the first cost 
will not be more than 50 per cent. to 
70 per cent. higher. The cost of power 
and maintenance together is less than 
that of maintenance of a mechanical 
plant alone under average conditions. 

The following figures are appended 
in order to give an idea of the dimen- 
sions :— 

The diameter of the switch cylinder 
is ten inches; that of the signal cylin- 
ders is five inches. The main supply 
pipe consists of two-inch pipe at its 
origin, and the diameter of the pipe 
diminishes towards the end of the yard. 
The operating and indicating pipes are 
all one-half inch. The branches from 
the main supply to the relays are three- 
quarter inch pipes. The distance be- 
tween thé levers centre, to centre’ of 
handles is three inches. 

The quantity of air employed is very 
small. Fora cabin of 100 levers, under 
average conditions, the compressor 
should have a capacity of 100 ft. of 
free air per minute. ‘This capacity is 
governed, not by the number of levers 


in theycabin; -but. by the maximum 
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number of train movements occurring 
in a given time. 

In comparison with a mechanical 
system, levers can be saved by a system 
of selection of signals. One lever may 
operate two signals which correspond 
to the two positions of a certain switch. 
This is accomplished by a selector, that 
is to say, a slide valve, and which has 
a port forming a passage between a 
single pipe coming from the machine, 
and either one or the other of two pipes 
leading to the two signals.’ In a similar 
manner a_ series of switches, whose 
movements always follow each other, 
may be united to one lever. The in- 
dication valve from the first switch, 
instead of sending air to the machine, 
sends it to the next switch to operate 
it, and so on until the lasteswiteieor 
the series sends the indication to the 
cabin. 

This article. deals only with the 
interlocking systems. A logical con- 
tinuation of such a system is the auto- 
matic block, completes the 
signalling of a road, and thus provides 
ideal conditions for safe and rapid traffic 
handling, and the working of a road up 
to its full capacity. Block signalling 
will be discussed in a future paper. 
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DESIRABILITY OF TRAMWAY SECURITIES AS 
INVESTMENTS. 


By J. G. WHITE, 


el 


S a class, tramway securities are 
OF comparatively new to many in- 
vestors. It is only within the 

last ten years that the development of 
mechanical traction for tramways has 
enormously increased their importance, 
and removed them from the class of 
enterprises conducted largely by indi- 
viduals to that conducted by limited 
companies, with securities quoted on the 
exchanges. In America, perhaps more 
than in England, due to the greater tram- 
way development, securities in these 
companies are recognised as amongst the 
safest and most desirable investments, 
and their market values are ordinarily 
based on nearly the same interest rates 
as are the securities of steam railroads. 

There are really two classes of in- 
vestors who are likely to be interested in 
tramway securities, and these we might 
call the permanent investor and the 
‘speculative investor respectively. 

The former class comprises those who 
wish to find an investment for a term of 
years, who wish to avoid risks, and who 
are satisfied with a thoroughly safe 
investment which will pay 4 or per- 
Haps 5 per cent. interest. Ihe second 
includes those who wish to make a 
larger return on their capital, say from 
Perum 25) per cent’ -per annum, and 
who are willing to take the shght risk 
incident to building a new tramway, 
under good franchise and other condi- 
tions, or buying and electrically equip- 
ping a horse tramway. 

Both classes of investors should study 


carefully the factors determining the 
values of the respective properties ; these 
factors being, of course, much more 
difficult to judge where properties have 
not yet been electrically equipped. In 
either case, and especially the second, 
the prospective investor should have 
the advice of competent tramway engi- 
neers—-engineers who know not only 
the technical, but also the commercial 
or business side of their profession. 

Many tramway engineers and officials 
have some general rule that tramways 
should be able to operate for some set 
percentage of their gross receipts—say, 
60 pemcent.s nedallaey.ot suchecalcu- 
lations is only too plainly shown by the 
enormous shrinkage in the prices of 
tramway shares which has taken place 
during the past year in Belgium, 
Germany, and France. 

In ordinary American cities the fares 
received average between two and two 
and one half pence (2d. to 24d.) and the 
cost of carrying each passenger between 
one and a quarter and one and a half 
pence (14d. to 1}d.). It seems incredible 
that with fares about half as high as in 
America, presumably competent engi- 
neers should estimate that operating 
expenses should decrease in proportion, 
in spite of higher cost of fuel and slower 
speeds of cars, the latter offsetting the 
lower wages prevailing in Europe. 

On the contrary, the average cost of 
operation per car mile 1s practically the 
same in Europe and America. 

The more this -general subject is 
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studied, the more apparent does it 
become that no one, two, or even three 
actors determine the earning capacity 
of any tramway. In fact, in valuing 
any tramway all the points in the fol- 
lowing table should be carefully studied 
and each given its proper weight for the 
individual case. 


Chief factors determining the value of a 
tramway. 


(t) Franchise. 
(a) Duration. 
(b) Exclusiveness and possible in- 
creases in competition. 
(c) Terms of surrender of property 
at expiration. 
') Fare limitations. 
) Speed limitations. 
(f) Special conditions. 
(g) Taxation, construction neces- 
sary, paving required, etc. 
(2) Capitalization. 
(a) Method of finance—Proportion 
debentures and shares. 
(b) Relation to probable cost and 
to net earnings. 
(c) Fixed charges, sinking funds, 
depreciation, amortization. 
(3) Plant. 
(a) Cost and value. 
(b) Efficiency commercially. 


(4) Earnings—Governing conditions. 

(a) Actual results or probable future 
results on new or reorganised 
lines. 

(b) Rates of fare. 

(c) Population. 

(d) Distribution of population. 

(ec) Length of Lines—Average haul. 

(f) Character of service :— 
1. Amount or frequency. 
2. Speed. 
3. Cars, size and type. 
4. Stopping places. 

(g) Riding factor governed by :— 
1. Character of population. 
2. Kace. 
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Climate. 
. Average income. 
Occupation. 
Amusements available. 
(5) Operating expenses. 
(a) Analysis and comparison of 
expenses and accounts. 
(b). Expenses affected by :— 
1. Labour cost. 
Permissible speed of cars. 
Size of tramway. 
Cost of fuel. 
. Character of construction 
(maintenance). 
(6) Net earnings. 

(a) Count book-keeping, no oper- 
ating charges being made 
against capital account. 

(b) Fixed charges. 

(c) Depreciation charges and amor- 
tization of franchise. 

(d) Future probabilities with growth 
ol.city; ete: 

After having collected all available 
data on all the points mentioned in the 
preceding table, there remains the task 
of assigning to each item its proper 
relative value. This requires such 
special skill as comes only from long 
experience in this particular field of tram- 
way work, and requires an analytical 
mind specially fitted for weighing men- 
tally many conditions which cannot 
always have assigned to each a definite 
value. The more obvious of the reasons 
fixing the values of the various points 
are outlined in the following pages. 
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Duration determines the amortization 
fund required to repay the capital ex- 
pended, and fixes also the period during 
which a surplus. profit above such 
amortization may be realised by the 
proprietors. 

The terms of surrender naturally fix the 
probable sale value at the end of the 
concession, and the importance of these 


terms is evident, as is also having a 
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franchise which is exclusive either by 
stipulation of concession or by natural 
conditions. 

The importance of fave limitations 
seems, however, not to be at all appre- 
ciated on this side of the Atlantic. 

In America the competition between 
different groups wishing to build tram- 
ways has usually taken the form of 
building parallel lines, while in Europe 
this competition has resulted in the 
accepting, by the financiers interested, 
of franchise conditions so onerous that 
in many instances the tramways built 
under these concessions can never pay. 

While this competition has been con- 
fined largely to the Continent, there is 
an evident tendency in the same direc- 
tion in Great Britain and in the British 
colonies, particularly Australia. 

Another really important portion of 
a concession is that relating to speed 
limitations. 

Reasonably high speeds are necessary 
to encourage riding, and also to keep 
down operating expenses. The increased 
cost of power for any speed up to twenty 
miles per hour is of little importance. 
On the other hand, the wages of con- 
ductor and motorman for an hour will 
be the same whether their car travels 
six miles or sixteen. On a given line, 
therefore, more people will ride, and a 
specific frequency of service can be 
maintained more cheaply with high 
speed operation. 

Special conditions affecting construction 
required, paving necessary, etc., are 
usually of importance as affecting both 
first cost of a line and charges to be 
made later, not only for interest, but 
for taxes and maintenance as well, 
and consequently should all have due 
consideration. 


CAPITALIZATION. 


The importance of this factor is gene- 
rally known. It is difficult to fix any 
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rule by which one can judge as to over- 
capitalization. A tramway may easily 
cost anywhere from £2,000 per mile for 
a cheap, light railway to £30,000 per 
mile for a conduit road in a large city 
where complicated and expensive spe- 
cial work is required, many pipes and 
obstructions have to be moved, many 
handsome cars are required, with pro- 
portionate power plant equipment, and 
where conditions generally contribute to 
a maximum cost. 

Nevertheless, some general idea on 
this subject may be obtained from 
statistics showing the actual costs of 
generally similar roads in other cities 
having about the same conditions. 

The relation of capitalization to net earnings 
is, however, much more important than 
that to first cost of installation. 

After paying all operating costs, the 
earnings should fully provide for deben- 
ture interest, depreciation of plant, 
sinking fund to retire debentures, and 
amortization to repay capital during 
concession. 

If after all these have been properly 
and fully met, there remains a reason- 
able dividend for the company’s shares, 
we may ordinarily say the enterprise has 
not been over-capitalized. Tramway 
receipts are, however, seriously affected 
by business depression influencing local 
industries, so that net earnings in pros- 
perous times should show a large surplus 
above all fixed charges. 

The danger lies in not realising what 
is necessary to adequately provide for 
depreciation. Most tramways starting 
their electrical equipment have new 
cars, new power plant, new track or 
permanent way, and while depreciation 
progresses daily, it may not for some 
years reach a point which necessitates 
large direct expenditures. 

The books of tramway companies are 
seldom falsified, while inadequate charges 
to maintenance are frequent even under 
the most conscientious management. 
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Usually, therefore, the protection of the 
investor requires less the chartered ac- 
countant than an intelligent engineer to 
advise as to the adequacy of the charges 
above mentioned. 


PANT, 


The most important consideration in 
connection with the plant is that it shall 
be well adapted to its main purpose, v1z., 
the encouraging of a maximum amount 
of riding by the tributary population, 
and the carrying of those who do ride 
ata minimum cost. While first cost of 
plant is important, it 1s within reason- 
able limits secondary to the efficiency of 
the plant for its intended purpose. 

The limits of this article are too small 
to admit of even a general discussion 
of the engineering questions involved in 
deciding on the details of the best plant 
advisable for any given installation. 

The size, type, and speed of engines, 
the size and type of boilers, system 
vf condensing advisable, and all other 
similar points can be determined only 
by a careful study of the local con- 
ditions, including fuel and water supply 
available. In the same way the type of 
track or permanent way, the size, type 
and speed of cars, and all other like 
questions, are dependent solely on the 
local conditions, and can be determined 
only after a careful study of these. As 
to these details the ordinary investor 
will not have time to inform himself, 
and must rely largely on his engineers. 
He may, however, satisfy himself that 
his engineers are capable not only from 
a strictly technical point of view, but 
that they understand the importance of 
a judicious weighing of all the com- 
mercial considerations involved, so that 
the plant when comovleted will be such 
as will best serve the people living 
within the territory tributary to the 
lines, and that while the first cost of 
the plant is not excessive it shall operate 
with a maximum of economy, that its 
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depreciation shall be shght, and that the 
service shall be regular and well adapted 
to the requirements, and that the total 
earnings of the property shall be as 
large as possible. 


EARNINGS. 


There are so many factors which con- 
tribute to determine the earnings of any 
property that no full discussion is pos- 
sible within the scope of this article. 
With an operating property the actual 
present earnings may be taken as some 
guide to what may be expected with 
new plant and equipment or under new 
management. Fora projected property, 
however, calculations as to probable 
earnings must be based solely on a 
study of local conditions. 

Rates of fave—One of the most imipor- 
tant, and one which has received in 
many cases too little consideration, is 
the tariff or schedule of fares charged. 

The fares should be so regulated as 
to foster and encourage riding, bringing 
the net earnings up to a maximum. 
Excessively high rates of fare will dis- 
courage riding, resulting in a decrease 
in the gross takings, while on the 
other hand, if rates of fare are too 
low the gross takings may be satis- 
factory, but the actual cost of carrying 
passengers may approximate the fares 
received so as to leave little or no margin 
for depreciation, interest, amortization 
and dividends. It is also important 
that the schedule of fares should be 
such as to permit of easy and prompt 
collections by the conductors, and in 
such form as to lead to a minimum 
of peculation on the part of the tramway 
employees. The numerous questions 
connected with the fares for different 
zones, the various classes into which 
passengers and fares should be divided, 
and other points of similar tenor, deserve 
most careful consideration. 

Population.— Population is another 
important factor. Other considerations 
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being equal, the gross takings of a tram- 
way will increase ina somewhat greater 
proportion than the tributary popula- 
tion. Other factors, such as distribution 
of population, length of I:ne, average haul, 
etc., are so important that the tributary 
population alone is no real index to 
earnings which may be expected. 

With any given population the gross 
takings will be greater if the people live 
at some considerable distance from the 
centre of the town or city, and probably 
the highest earnings per capita will come 
from a given population distributed 
over a long narrow territory. 

The above diagram shows curves 
indicating the minimum, maximum, and 
average gross takings per capita for 
American towns and cities of different 
sizes up to 200,000 population. These 
curves are based on a study of the 
actual results of some 200 tramways, 
and the curve showing the average 
receipts per capita is reasonably cor- 
rect. An inspection of these curves 
will show what an enormous difference 
there may be in the receipts from towns 
of the same size, and one must under- 
stand the local conditions to appreciate 
even vaguely the enormous variations. 
For example, with towns of 12,000 or 
15,000 the variation is from about 
40 cents per capita to $8.40 per capita, 
the maximum receipts for towns of this 
size being twenty-one times the mini- 
mum receipts in some other town of 
same size. With larger cities the varia- 
tions are less marked, but even here 
in cities of from 160,000 to 200,000, 
or say 180,000, the minimum receipts 
are about $4 per capita, the maximum 
about $11.60, and the average about 
$5. To some extent the great differ- 
ences in receipts in cities of small size 
will depend on character of service given, 
including frequency, speed, size and type 
of cars, and stopping places. Riding will 
naturally be encouraged by frequent 
service of cars at high speeds, and also 
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by convenient stopping places; but if 
there are too many of the latter, the 
average speed will be diminished, and 
this in turn will discourage riding, so 
that even in this matter of stopping 
places a study should be given to 
arrange for a happy medium, well 
adapted to local needs. Cars should 
be carefully selected as to size and type 
to meet the local climatic and other 
conditions after a study of the number 
and character of rain storms, the amount 
of hot and cold weather during each 
year, €1c; 

One of the most important of all 
elements determining possible gross 
earnings is what is here called the 
viding factory of the tributary popula- 
tion. This depends on (1) Character of 
people, (2) Race, (3) Climate, (4) Average 
income, (5) Occupation, (6) Amusements 
available. People in a hot climate will 
naturally ride much more than those in 
a temperate or cold climate, while in 
bitterly cold weather the riding in any 
city 1s greater than during moderately 
cool weather, the protection from the 
weather and the grateful warmth of 
heated cars being an attraction in such 
weather as is frequent during the 
middle winter season in the cities of 
the northern part of the United States 
and Canada. 

People of an indolent and pleasure- 
loving race will ride to a much greater 
extent than those of an energetic and 
industrious race. In proportion to their 
incomes, the negroes in the United 
States and the mixed Latin and native 
races in South America will ride more 
frequently than the Anglo-Saxons in the 
same territory. When it comes, how- 
ever, to Orientals, their habits differ so 
radically from what we are used to, that 
their riding is likely to be little in pro- 
portion to their incomes, which in turn 
are usually very small. 

The occupation of the people in the 
neighbourhood of a tramway is of great 
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importance, it being found that those 
who have regular daily employment, 
such as work in factories or mills, will 
ride more frequently than any other 
class of population. This is due partly 
to the fact that the tramways are used 
by these people in going to and from 
their daily work, and partly to the fact 
that the tramway becomes their means 
of pleasure riding as well. In warm 
climates pleasure riding becomes one of 
the important sources of income to a 
tramway, and all reasonable means 
should be employed to encourage this 


riding. 
OPERATING EXPENSES. 


Operating expenses, while affected by 
other minor conditions, are determined 
largely by the following :—(1) Wages of 
employees, (2) Size of tramway, (3) Permis- 
sible speed of cars, (4) Cost of fuel, (5) Cost 
of maintenance. 

The importance of being able to run 
cars at reasonably high speeds has 
already been dwelt upon under “ Fran- 
chise conditions,” and this is worthy of 
careful consideration. Itis evident that 
the operating expenses will be affected 
directly by the cost of labour and fuel, 
and that the office and general expense 
of the company will be proportionately 
less with large than with small tram- 
ways. It is equally plain that the 
maintenance of a property will be less 
when the character of construction is of 
high grade, reasonably high first cost 
being further justified by the fact that 
amore regular and satisfactory service 
can be given with thoroughly first-class 
than with cheaper construction. 

In studying the operating expenses 
of any tramway, one should know the 
local conditions, and then see that suffi- 
cient charges are made under operating 
expenses to fully meet the reasonable 
maintenance requirements. 

This study can be assisted by com- 


Se 
parison with results actually obtained 
on other properties, and it is well to 
compare the results reported by any 
tramway with those actually attained 
elsewhere. Such a comparison will 
never lead to infallible results, but is of 
use in helping to ascertain whether the 
operating expenditures are higher than 
would naturally be expected in any de- 
partment, or whether the expenditures 
for repairs and maintenance are less than 
sufficient to maintain the property in 
thoroughly good condition. 


NET EARNINGS. 


The net earnings are usually under- 
stood to be the total earnings or gross 
takings less the total operating expenses 
after having deducted sufficient to fully 
cover the depreciation charges and 
amortization. As already pointed out, 
incorrectly reported net earnings are 
usually due, not to any falsification of 
accounts, but to insufficient provision 
for depreciation, and to charging against 
capital account items which, on a con- 
servative basis, should becharged against 
operating expenses, usually under ‘ Re- 
newal Account.” 

The latitude permissible in varying 
these charges without bringing disaster 
to the company will depend to a con- 
siderable extent on duration of franchise 
and the growth of population tributary 
to the property. 

With a perpetual or extremely iong 
term franchise and a rapidly growing 
population, it might be possible that 
the increased earning capacity, owing 
to growth of tributary population, would 
alone fully offset any depreciation to 
property not covered by the daily 
charges to “Repair Account.” With 
limited franchises, however, and with 
less rapidly growing populations, it is 
of the utmost importance that ample 
provision for depreciation should be 
made, and ordinarily investors will find 
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that this, more than any other single 
feature of the accounts of a tramway, 
needs careful investigation. 


POSSIBLE FIELDS YOR VPROBITABULE 
INVESTMENT. 

In a general way there is no class of 
security which is really safer than that 
of a good tramway property. In nearly 
all cities there is a moderate growth in 
population, giving the tramway property 
a naturally increasing earning capacity 
and value. 

The present tendency is universally 
toward the increasing concentration of 
population in large centres. This is 
naturally beneficial to tramways, and 
in an active progressive city under a 
reasonable franchise or concession a 
good tramway should be one of the 
best possible forms of safe and _ per- 
manent investment. For the permanent 
investor there are opportunities in all 
parts of the world. In America there 
are many issues of first mortgage bonds 
which can be purchased on a basis net- 
ting the investor from 44 to 54 per cent. 
per annum, where the principal is amply 
secured by a property earning two or 
more times its total interest charges, 
and at the same time increasing from 
year to year in value. Bonds of this 
kind on a property in any prosperous 
and growing city can be confidently 
recommended. 

Similar opportunities for investment 
may be found in the securities of estab- 
lished tramway companies which have 
several years’ record of actual earnings 
in the better cities of other parts of the 
world. In these cases the same pre- 
cautions as to depreciation and amorti- 
zation will be required, and usually 
more careful study will have to be given 
to terms of concession and to other con- 
ditions which might affect the value of 
the securities. 

For the investor who wishes to com- 
bine reasonable safety with a higher 
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return there are occasional opportunities 
to be found in nearly all parts of the 
world. In America the building of new 
profitable lines must be confined largely 
to those projected to connect various 
towns and cities. The encouraging 
feature about these properties is that, 
if a wise selection is made, the investor 
may secure a property having a per- 
petual or long term franchise which 
will pay a high rate of interest on its 
first cost, and in addition to this will 
increase rapidly in earning capacity and 
value, due to the natural growth of its 
tributary population. Such properties 
are therefore quite worthy of considera- 
tion, but should be scrutinized most 
carefully, and proceeded with only after 
most conclusive evidence that they can 
earn a good rate of interest on their 
probable cost. 

In England profitable investments in 
new roads are limited largely to this 
same class of inter-urban properties, due 
to the fact that in nearly all the cities 
of considerable size the municipalities 
themselves insist on owning and oper- 
ating their tramways. 

In certain portions of Great Britain 
the population is so concentrated that 
there should be numerous opportunities 
for profitable investment in lines of this 
character. 

The discouraging features, however, 
are that the speed of cars must be slow, 
the first cost of construction due to the 
requirements of the Board of Trade and 
local authorities extremely high, the 
average income of the tributary popu- 
lation is comparatively low, and the 
natural desire to travel from one town 
to neighbouring towns is apparently less 
in Great Britain than in America. For 
the above and other reasons a much 
larger tributary population seems to be 
necessary to make a road profitable in 
Great Britain than in America. While 
in the latter a tributary population of 
1,500 or 2,000 people per mile - will 
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usually be sufficient to make a road 
profitable, statistics available to date 
seem to indicate that in Great Britain 
the tributary population should be fully 
5,000 per mile of route, but this ex- 
perience has been so limited that no 
general rules can as yet be fixed. 

The high speeds necessary to en- 
courage travel on inter-urban lines can 
best be obtained in America by having 
the railway own a private right of way. 
The tendency in this direction may 
perhaps be best illustrated by reference 
to a road of this character which is now 
being built by the New York firm with 
which the writer is connected. This 
road is to connect two cities of about 
300,000 and 150,000 population respec- 
tively, distance between the centres of 
‘the two cities being about sixty miles. 
The population between the two cities 
is comparatively small, but in spite of 
this a high-grade railway is being built. 
The cars of this line will run from the 
centre of one city to the centre of the 
other, using the tracks of the local 
tramways within the city limits at each 
terminus, but the line will have its road 
bed largely over private: right of way 
between the city limits, a distance of 
about fifty-five miles. The cars for 
this road are of the long bogie-truck 
type, and each will be equipped with four 
75 h.-p. motors, so that it will be able to 
make a speed of about sixty miles per 
hour in the open country, and still be 
able to run at ordinary tramway speed 
within city limits. The entire fifty-four 
miles of route is to be operated from 
one generating station by means of high 
tension alternating distribution to sub- 
stations, provided with rotary trans- 
formers, so that the cars are equipped 
with motors of the ordinary direct current 
type operating normally at 600 volts. 

Some developments of a_ similar 
character will be justified in Great 
Britain, and to those who are fortunate 
enough to select the right locations very 
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considerable profits will no doubt accrue. 
The first cost of right of way is, how- 
ever, So great, that a considerably higher 
investment must be faced in undertaking 
such a road in England, and conse- 
quently materially higher gross takings 
must be looked for. 

So far as the conversion of horse tram- 
ways to electric tramways by private 
companies is concerned, the field is at 
present limited largely to South America, 
Asia, and Australia. There are per- 
haps in all of Australasia a dozen places 
where horse tramways might profitably 
be converted to electric, or where new 
electric tramways might be built with 
profit. A table on page 354 gives some 
statistics as to tramways in various parts 
of the world, and an inspection of the 
returns from the tramways at Perth, 
West Australia, will show that the receipts 
per capita are high in proportion to the 
population. Similar results are shown 
in other Australian cities, 1t being evident 
that the climatic conditions are favour- 
able to induce riding, and this, combined 
with the active character of the popu- 
lation and the fact that the incomes of 
the working classes are on the average 
rather high, all contribute to large tram- 
way receipts. Similar large receipts 
are shown by other Australian tram- 
ways, and also by the remarkably 
satisfactory record of the Cape Electric 
Tramways at Cape Town, South Africa. 
Here the character of population and 
climate is generally similar, and the 
tramway returns have been most satis- 
factory. 

From statistics available it 
probable that the average receipts per 
capita will be quite as high in Australia 
as in America for cities of the same 
general size and type. While, there- 
fore, there are a few good opportunities 
for investment in Australia, and while 
there will undoubtedly be a few similar 
opportunities in South Africa, the ten- 
dency to be avoided seems to be against 
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accepting from the local authorities 
franchises or concessions with such 
onerous conditions as to low fares and 
other terms, that comparatively little 
profit is likely to be realised by those 
finding the capital for building or recon- 
structing the tramways. 

In Asia there are a number of cities 
with large population in which it would 
naturally be expected that tramways 
could profitably be developed. Diuff- 
culties arise, however, partly from the 
narrow streets, and partly from the fact 
that the Oriental population of these 
cities is usually very poor and unable 
to spend much for tramways or any 
other method of travel, and that the 
habits of this Oriental population are 
such as to lead to comparatively 
little travel. An inspection of the 
column showing the receipts of the 
tramway of Tokio, Japan, will show 
such very low returns as to indicate 
that one should undertake the con- 
struction of a tramway in any Oriental 
city only after most careful study and 
consideration. 

In South America, on the other hand, 
the returns of the tramways at Buenos 
Ayres (the majority of these being still 
operated by horses) show exceptionally 
large takings in proportion to the popu- 
lation. Similar large returns are shown 
by horse tramways in other South 
American cities, and by the few electric 
tramways in operation. Here we have 
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climatic and race conditions contributing 
to large tramway receipts, the dis- 
couraging conditions being the unstable 
governments prevailing in many of the 
South American countries, and the 
further fact that in a number of South 
American cities the sanitary conditions 
are unfavourable and mortality high. 
This, of course, applies only toa portion 
of these cities. Even with a change 
in government the tramways are usually 
not affected, and the majority of South 
American cities are growing and are 
likely to develop largely in size and 
wealth. Concessions can be had which 
are satisfactory as to period and general 
conditions, including rates of fare. 
With careful study of local conditions, 
there seems no reason why the purchase 
of some of the horse tramways of South 
American cities, and their conversion 
to electric traction, should not prove 
to be an exceptionally profitable in- 
vestment. 

In general, we may conclude that 
while there are occasional opportunities 


“for profitable tramway investment in 


almost any part of the world, neverthe- 
less only a few of the projected enter- 
prises are worthy of support, and a 
most careful study should be made to 
insure the selection of only the worthy 
projects, and the expenditure of capital 
invested in such a way as to bring 
permanently the best returns possible 
under the existing circumstances. 


FIGHT RATE WAYS: 


By J. WALWYN WHITE, 


T is a melancholy fact that light 
railways have not, by any means, 
proved the boon and blessing to the 

struggling farmer and others in our 
country districts that was fondly antici- 
pated when the Light Railways Act 
was passed in 1896. I have often been 
asked recently, ‘‘ How is it that light 
railways have not progressed in this 
country? How is it that we hear so 
little of them?’’ ‘The reason, I think, 
is not far to seek. 

Let us examine the list of Light 
Railway Orders that have been confirmed 
by the Board of Trade from December, 
1897, to the present time. There we 
find a total number of ninety-six pro- 
posed ‘light railways’ authorized to 
be built. 

But are they light railways as gene- 
rally understood by the average ‘ man 
in the street’? In analysing this list we 
find that no fewer than sixty-three of 
these so-called ‘light railways ”’ are 
of the standard main-line gauge of 
4 ft. 84 in., with an average estimated cost 
per mile of £7,000 to £8,000, exclusive 
of rolling stock; whilst only six of these 
lines are of 3 ft. or less gauge—and such 
as most reasonably might be properly 
termed light railways. Of the remain- 
der, amounting to about twenty-three 
per cent. of the total, the bulk appear to 
be merely ordinary street tramways 
with electric traction, and which, in the 
usual way, would have probably been 
built under the old Tramways Act of 
1870, but for the greater facilities offered 
by the Light Railways Act. At all 


events, they appear to be almost entirely 
intended for passenger traffic only, and 
not for goods traffic, such as farm pro- 
duce and manufactured or raw materials, 
for which the Light Railways Act was 
originally intended. 

Now this is not as it should be. 
This country imports annually about 
£ 30,000,000 worth of farm produce, 
apart from corn and flour, consisting 
mainly of butter, cheese, eggs, and other 
items of food that could be readily pro- 
duced in the agricultural districts of our 
own land if the farms of the outlying 
districts, in the sparsely populated por- 
tions of the United Kingdom, could only 
get their produce quickly and cheaply to 
the large towns and industrial centres. 
And yet, in spite of the facilities offered 
for building hight railways by the legis- 
lature, this cannot be done, and the hard- 
earned money of the teeming workers of 
England must needs go to fill the 
pockets of foreigners, whilst our farmers 
and landowners, who work the land at 
any distance from a large town, find it 
difficult to exist. Why is this so? 

It seems that a large proportion of the 
blame must rest with the promoters and 
engineers of these so-called light rail- 
ways to which I have drawn attention. 
The thinly-populated districts, where 
agriculture is the principal business, 
cannot provide sufficient traffic for an 
expensive standard gauge railway, and 
yet the engineers whom the promoters 
call in, will keep on specifying for heavy 
standard lines, with heavy rails, expen- 
sive bridges, and costly appointments 
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generally, with the result that the cost 
comes up to such a large figure that the 
promoters are frightened, and find them- 
selves unable to secure the necessary 
capital; or, if they do succeed in getting 
the money, the returns are so much out 
of proportion to the capital expenditure, 
that the railway which was to work 
such wonders, languishes along for a 
year or two, and is finally absorbed by 
one of the large railway companies. 

This is no fancy picture—it has hap- 
pened over and over again, and will 
continue doing so, until the engineers 
can make up their minds to content 
themselves with real ‘light railways,” 
built with light rails on a narrow gauge, 
and with a real light railway equip- 
ment, instead of standard work. It is 
true that probably such a light railway 
would not enhance their reputation so 
much as a standard line, but there is no 
question as to the feelings of the share- 
holders at the end of each year’s working. 

A light railway, in the true sense of 
the term, can be built and equipped 
complete, including cost of the land at 
agricultural value, and rolling stock, for 
about £2,500 per mile, and such a rail- 
way would yield a handsome dividend 
with traffic returns of only £7 or £8 per 
mile per week, whilst at the average cost 
of the so-called ‘‘lght railways” to 
which I have referred, such a revenue 
would only mean starvation. 

For agricultural countries a much 
larger traffic than this £8 per mile 
per week could not possibly be looked 
for, and an ordinary light railway of 
2 ft. 6 in. gauge, costing the amount I 
have indicated, would be capable of 
accommodating all the traffic that could 
possibly come over it, both goods, mer- 
chandize, farm produce, and passengers. 
Yet, in spite of all this, our engineers 
still continue prescribing costly standard 
lines that could take more than fifty 
times the amount of traffic that could 
ever possibly offer itself. 
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I have already intimated that (in my 
opinion, at all events) a light railway 
should have a gauge of not more than 
3 ft.—indeed, I consider a gauge of 
2 ft. 6 in. ample for any ordinary traffic 
in agricultural districts—and the reasons 
for fixing this gauge are many and 
important. 

In the first place, it must be borne in 
mind that the largest factor of cost in 
a standard gauge railway is not in its 
steel rails, or permanent-way, but in the 
preparation of its ‘‘ formation,” usually 
styled ‘‘ earthworks,” including excava- 
ting the “cuttings,” and filling up 
hollows in the contour of the ground by 
‘embankments,’ in order to ease the 
gradients of the line as much as possible. 

It will be readily seen that the 
narrower the gauge the less the amount 
of ‘‘ earthworks” will be involved, but 
this is not all—a narrow gauge line will 
permit of sharp curves being used, 
which would not be possible on a stan- 
dard gauge road. A 24 ft. gauge road 
would work efficiently with curves of 
200 ft. radius, whilst a 200 yards curve 
would be too sharp for economical 
working on a standard gauge line ; con- 
sequently our narrow gauge line would 
be able to readily run avound hills, or 
other obstacles, that would require to be 
taken direct by the broader gauge line, 
either by tunnelling, or by ‘‘ cuttings.” 

Then, again, the matter of ‘“ sever- 
ance,” or dividing up of land, is not so 
serious a matter with the narrow gauge, 
as bridges or tunnels, if used, would be 
much smaller and cheaper in every way; 
and the gradients employed on the high- 
way leading to these would be much 
less severe, an important consideration 
where heavily loaded farmers’ carts are 
concerned. (See Fig. 1 for cheap Narrow- 
gauge Railway Bridge.) 

And this brings me to another point. 
The average engineer is generally proud 
(and rightly so) of the beautiful bridges 
he designs for highways crossing our 
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railways. But I venture to think that 
these elaborate bridges, with their costly 
approaches and embankments, which 
swallow up so much money, are not 
always necessary, and their place could 
readily be taken by a level crossing, 
especially in country districts where 
only a few trains are run per diem. 
Poi sstyse.tne engineer, ‘these 
crossings will need caretakers, to open 
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winds up a weight, instead of moving 
the gates direct; and this weight in turn 
moves the gates over to the required 
position, without shock, and indepen- 
dently of the speed at which the train 
is going. In addition to this, if any 
obstruction got in the way of the gates 
opening for the train, say a child, or an 
animal, there is only the pressure due 
to the falling weight exerted against 
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the crossing gates on the approach of the 
train, and close them again after the 
train has passed by.” 

This objection is readily overcome by 
the use of one of the several types of 
automatic level crossing gates now on 
the market. 

The principle on which the best of 
these gates work, is that the passing 
train, by engaging a lever fixed some 
few hundred yards away from the gates, 
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this obstruction (see Fig. 7), so that 
the gates come to a stop, the signals at 
the gate remaining at ‘‘ danger,” and so 
bringing the train toa stand. As soon 
as the obstacle moves out of the way, 
the weight completes its downward 
travel, and opens the gates, which pull 
the signal “off” in so doing, thus per- 
mitting the train to pass. The reverse 
operation takes place after the train has 
gone by. 


FIG. 5-—WHITE’S AUTOMATIC LEVEL-CROSSING GATES, 


In this way the gates are opened and 
closed by the passing train, in any 
weather, without danger to the public 
on the highway. 

A light railway of 2 ft. 6 in. gauge, 
with steel rails weighing only 30 lbs. per 
yard, will safely carry loads of eight 
tons on two axles, whilst heavier loads 
could be carried by increasing the num- 
ber of axles. And such a line, whilst 
it would return a good dividend with 
traffic receipts of only £7 per mile per 
week, is really capable of accommodating 
trafic up to £50 per mile per week, 
should this amount offer itself. 

Then, too, the working expenses on 
sucha narrow gauge line are much less 
in proportion to those on the standard 
gauge railway, owing to the lighter build 
of rolling stock, and the lesser speed 
usual on the former. It is a well-known 
axiom amongst railway men that the 
greater the speed, the greater the ex- 
pense in every direction. 

It is quite an easy matter to work a 
train service of 25 miles per hour over 
a light railway with 30 lbs. rails, and 
2 ft. 6 in. gauge, with curves of a mini- 
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mum radius of 50 
yards, and ruling 
gradients of I in 40 


Ly or 50. which could 


scarcely be done on 
the normal gauge 
with ordinary roll- 
ing stock. 

I would, however, 
prefer average gra- 
dients of, say, I in 
8o, with curves not 
less than 250 ft. 
radius, ) ase suaiies 
as possible, thereby 
saving engine power, 
and only using the 
steeper inclines and 
sharpere secur ves 
where absolutely 
necessary, to save 
the cost of expensive cuttings, bridges, 
or embankments, etc. 

To show the advantage of having the 
gradients as easy as possible, I give the 
average tractive force of steam loco- 
motives on different gradients in annexed 
Table. 

It will thus be seen how much the 
very steep gradients minimise the 
hauling power of the locomotive, though 
if the inclines are but short, and the 
engine gets a good start, it will 
take up much heavier loads than 
those I have stated, owing to its 
momentum. 

The eight items essential for the 
satisfactory progress of light railways in 
this country are, in my opinion :— 

1. The permanent work should be 
simple and cheap. 

2. Level crossings should be employed 
instead of bridges, the gates, of course, 
being kept shut against the train, leaving 
the road open, and the gates to be 
automatically opened and closed by the 
passing train. 

3. Cheap but effective fencing to be 
permissible. 
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Petr eosin GAUGE AVERAGE SPEED, 15, TO°>25) MIEES PER HOUR. 


Locomotive with 8 in. diameter cylinders 
ar Io _ ,, » ” 
” I2 ” ” ” 


Will Haul On Gradients of 
On theses ee ae ee eee 
Level j ; ¢ 
714A Oo LALnESO TW Z5 
: | 200 tons o tons tons 20 tons. 
I 39 
S400 beet Ome OS aby; 35.453 
450 ” 150 ” go ” 50 ” 


These figures, of course, will vary with the condition of the line and the rolling stock, and the 


state of the weather. 


4. All unnecessary paraphernalia, such 
as stations, station-masters, gate-keepers, 
elaborate signals, interlocking gear, 
continuous. brakes, etc., should be 
dispensed with. 

5. [he compensation for land or way- 
leaves should be optional for payment 
by annual instalments, instead of a large 
sum of money down, which might 
seriously cripple a small company. 

6. The permanent way, though of a 
cheap character, should still be good 
and substantial, in order to reduce the 
yearly maintenance expenses, both of 
way and of rolling stock ; for this purpose 
{ consider steel or metal sleepers of some 
sort to be essentially requisite, and all 
laid on a_ good, 
ballasted formation. 

7. Theland should 
be sold or rented 
at its agricultural 
value in the coun- 
try, nothing being 
charged for com- 
pulsory sale or 
severance on rural 
properties deriving 
any benefit from the 
railway. 

8. And lastly and 
most important, the 
gauge should be 
narrow, and _ not 
exceeding 3 ft. 

MirvkwC. Rapier, 
chairman of the 
Southwold Narrow- 


gauge Railway, gives five advantages 
in using narrow-gauge feeding lines 
instead of standard gauge, even when 
including break of gauge :— 

(a.) The Railway Clearing House, in 
the division of traffic earnings, allows 
more than the cost of transhipment, viz., 
od. per ton, to the Narrow-gauge Com- 
pany, and that makes a profit in itself. 

(b.) The working expenses are cer- 
tainly less. 

(c.) The rolling stock of the small 
company does not get scattered all over 
the kingdom. 

(d.) The heavy engines of the main 
line cannot trespass on the light railway, 
and so damage it. 


FIG. 6.—VIEW SHOWING AUTOMATIC LEVEL-CROSSING GATES OPEN, WITH 
SIGNALS AT ‘“‘ DANGER.” 
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(e.) The rolling stock can be built 
much lighter than standard-gauge stock. 

The working expenses of the South- 
wold Railway, of only g miles length, 
‘are about £4 5s. per mile per week. 
The gauge is 3 ft. 

Trafic amounting to only £5 per 
week per mile should justify an expendi- 
ture of £3,000 per mile. As a general 
rule, the interest on capital and the 
working expenses should be about equal, 
and the nearer the two coincide the 
better. 

Narrow-gauge lines will carry 5 to 6 
tons of paying load to 24 tons of dead 
weight, against 6 to 44 on standard 
gauge. The carriages are preferably 
constructed on the bogie system, to 
carry an average of forty passengers 
each. The accommodation is found 
sufficient, and the motion is at least as 
smooth as on first-class constructed 
rail ways. 

Narrow - gauge railways constructed 
through rough countries contrast most 
favourably with wide lines in point of 
cost. But even through level countries, 
apart from the saving in land, permanent 
way, rolling stock, etc., the advantages 
are very great, in avoidance of heavy 
bridges, road approaches, and expensive 
lands and buildings, by the introduction 
of curves and gradients not possible or 
applicable on a wide-gauge line. 

On a 2 ft. 6 in. gauge railway, having 
2 ft. diameter wheels, and waggons 5 ft. 
wide, the cross-section of the load (which 
may be 3 ft. 6 in. high) is 174 sq. ft., 
having an angle of stability of 36 degrees, 
which is ample for all practicable 
purposes. 

Such a railway enables waggons of a 
size convenient for the general require- 
ments of the traffic to be met with, 
in thinly populated districts, to be con- 
structed with economical proportions, 
instead of running big, heavy waggons 
capable of carrying 8 tons or so, with 
only one or two tons of paying load in 
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them, as is frequently the case on 
standard-gauge lines. 

A great deal has been said on the 
subject of break of gauge, involving the 
change of material and goods from the 
narrow to the standard gauge, and vice 
versa, at the junction station; but far 
too much has been made of the apparent 
difficulty. Asa matter of fact, the cost 
of transferring goods from narrow to 
broad gauge on the Festiniog Railway 
is 3d. per ton for minerals, 14d. per ton 
for general goods, and 6d. per ton for 
fragile material, like slates, by hand. 

With regard to fish, farm produce, 
and other goods, which would not stand 
rough treatment, I have adopted the 
following plan on a narrow-gauge line 
my firm equipped some time ago :— 

The line is 2 ft. 6 in. gauge, and is 
principally used for carrying coal to a 
gasworks, a distance of about two miles. 
The waggons used on the tramway have 
steel frames, carrying the wheels and 
axles, etc.; at each end of the frame or 
bogie is a standard, high enough to carry 
the tipping trunnions, which are mounted 
on the wooden boxes which carry the 
coal. These wooden boxes are about 
4 ft. 10 in. long, 3 ft. 8 in. wide; anda 
deep, carrying about 2 cubic yards each 
of coal (say 14 tons), and are so made 
that six boxes exactly fit into an ordinary 
standard-gauge waggon. This main-line 
waggon, with its six tipping boxes, travels 
to the colliery, where the boxes are all 
filled with coal in the ordinary way, then 
conveyed to the terminus of our narrow- 
gauge railway, where there is a light 
portable crane. Each box is then lifted 
out of the main-line waggon and deposited 
on to the bogie frame,.standing in readi- 
ness on the narrow-gauge line, while the 
six empty boxes off the bogies are put 
into the main-line waggon, and sent to 
the colliery for a fresh load of coal, the 
cost of this transfer being about cne 
halfpenny per ton. 

The full boxes are conveyed along the 
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FIG. 7.—SHOWING OBSTRUCTION PREVENTING THE GATES CLOSING. 


narrow-gauge line to the gasworks, and 
tipped by means of the before-mentioned 
trunnions (by which they are suspended 
in the bogie frames) direct into the gas- 
works bunkers, or alongside the retorts. 
There is thus no break of bulk whatever 
from the colliery right to the mouth of 
the retorts. 

A similar plan could be adopted on 
an agricultural railway by using boxes 
of such a size that four would sit in an 
ordinary main-line waggon, say 7 ft. long 
by 4 ft. 10 in. wide by 3 ft. deep, with 
about 3? cubic yards capacity. 

Each farmer, through or near whose 
land the light railway passes, would 
preferably have his own siding or branch 
line, where full or empty trucks could 
stand. He fills his produce, be it hay, 
straw, potatoes, or other vegetables, 
dead meat, etc., into these loose boxes 
in hisown farmyard ; then he carts these 
boxes to his siding (if the siding does 
not run directly into his farmyard), and 
with a light portable crane loads the full 
boxes on to the bogie trucks waiting on 
the railway. The next train going along 
picks up these loaded trucks and takes 
them to the terminus, where the light 


railway runs alongside the main-line 
waggons. <A similar crane loads these 
boxes into the main-line waggons as 
before, which run them off to the great 
market town, where again the same 
boxes can be loaded on to consumers’ 
carts, and thus carted directly to their 
destination, without any break of bulk 
or handling of any kind, from the farm- 
yard. The boxes, when empty, could 
be returned in a similar manner, loaded 
with manure or other goods, or, the sides 
being made collapsible, may be packed 
up and returned to the light railway as 
returned empties, taking up very little 
room. 

Of course, if the ight railway itself 
runs direct to the market town, without 
the intervention of the main line, there 
would be so much less transferring neces- 
sary, but I have assumed an extreme 
case for the purpose of my argument. 

Where the light railway goes through 
ordinary well-drained meadow land, a 
ready way of preparing the formation 
for a commencement, is simply to plough 
the land along the route to the required 
width of formation (say 7 ft. 6 in. for a 
2 ft. 6 in. gauge line), turning the ground 
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inwards from each side, which thus 
makes the track slightly raised above 
the general level, with a drain on either 
side. 

A few inches of stone or gravel ballast 
over this completes the formation, for a 
surface line, ready for the sleepers and 
rails; the thickness and quality of this 
bottom ballast or ‘‘ pitching,” of course, 
depending on the general nature of the 
ground and amount of traffic over 
the line. 

If good coarse ballast is scarce, and 
the ground is of a clayey nature, a cheap 
way of preparing good ballast is to burn 
the clay got from the ‘‘cuttings’”’ with 
coal or slack, putting a layer of fuel 
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I will take as my basis a single line 
ten miles long, equipped with sidings, 
and running through mainly agricultural 
country, with a small manufacturing 
village on the line of route, or at the 
terminus. 

I will assume that we lay our line in 
first-class condition on a properly bal- 
lasted formation, but mainly following 
the ordinary contour of the ground, with 
minimum curves of 250 ft. radii, and 
maximum gradients of I in 30, the 
ruling gradients being 1 in 60. 

The rails would be of steel, weighing 
30 lbs. to yard, with fish-plated joints, 
and with steel sleepers 4 ft. 6 in. long, 
as shown in Fig. ro herewith. 


FIG. 8.—-DIAGRAMMATIC VIEW SHOWING CONNECTIONS OF AUTOMATIC GATES. 


between each layer of clay, and forming 
the whole into a large heap of burning 
material, something like a_ brick-kiln. 
The clay is. thus burnt into a kind of 
““brick-bat,’’ and makes excellent bottom 
ballast, if burnt sufficiently hard. 

The rails being laid, the material for 
the top ballasting is run along the line, 
in tipping waggons as required, then 
tipped on either side, and spread around 
the track and under the sleepers, the 
sleepers being lifted with levers or 
‘jacks’ to the required heights, as 
indicated by the ‘“ sighting-boards,”’ and 
packed to that level with the ballast. 

I will now give a fairly approximate 
estimate of the cost of building a good, 
substantial, narrow-gauge light railway, 
with working expenses and receipts. 


Such a line would stand a lot of wear 
and tear, and require very little attention 
or maintenance, and would certainly last, 
with ordinary care, for more than the thir- 
teen years on which I base my estimate. 

The cost of laying such a railway with 
complete equipment would be about as 


follows :— 
Per mile. 
Steel rails, 47 tons, with “steel” (sm 
sleepers, fish-plates, bolts, and 
all fastenings <2. ..2 aoe cee 
Two sets of switches and crossings 
per mile, for’sidings...,.-cavy.0) cass 20: O19 
Laying, ballasting, and ordinary 
earthworks for 7 ft. 6in. formation 
Fencing and occupation gates 
Rolling stock, proportion per mile 
Land, 2 acres at £150 per acre, 
average fe) 
rset of automatic level crossing gates I50 0 O 
Telephone and signals, éte..../.....:.. 100 O O 


450 O O 


470 Ora 


N 
N 
ie) 
° 
° 


Carried forward 


Light Railways. 


FIG. 9. COMPOUND NARROW-SAUGE LOCOMOTIVE BUILT BY THE AVONSIDE ENGINE COMPANY: 


Per mile. 

PE ye 

Brought forward ......... £1,969 0 oO 

Proportion of station buildings, 
engine shed, water tanks, etc. 


Engineering, Parliamentary, and 
law costs and contingencies ...... 240150 0 
Total cost per mile. .: 5... L2400—) 0-10 


The total cost for the ten miles, equipped 
complete, being thus £24,000, of which 
one-third might be raised by debenture 
bonds, and say one-third by preference 
shares, and the balance by ordinary 
shares, if no municipal or Parliamentary 
financial aid were available. 


We assume that our trains make six 
trips per day, three out and three home, 
as per annexed time-table. 


Each train should carry on each 
journey approximately —— 
fe Soa. 
Io first-class passengers, average Is. 
GACH See renee itort me temein ke 3 DSI oO 
20 second-class passengers, average 
DGS CAC Serie reinsen anton Ree e . 010 oO 
Light goods, parcels, milk, and ter- 
mind). -Chargesias set oe eaaie nc ' rach rae) 
8 goods waggons, averaging 3 tonso 
load each—24 tons, at an average 
charge of 2d. per ton per mile, and 
averaging 6 miles each journey ... I 4 Oo 
Total receipts per train...... gfe BAY a ks 
|e SAEs 2 ROT 


FIG. 10.—STEEL SLEEPER, WITH RAISED LIPS AND KEY FASTENING, 


Byer / 


yy // i“ ) , 


Y/ f/f I} Wi / 
Hi] | 


INDIAN STATES RAILWAY PATTERN. 
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FIG. II.—LEVEL CROSSING, FORMED WITH ORDINARY BALLAST AND GUARD RAILS, 


Or £88 4s. per week, or £4,586 per 
annum, equal to £8 16s. per mile per 
week, or at the rate of 4s. 1od. per train 
mile. This is not reckoning on any 
revenue there might be from advertising, 
book-stalls, etc. 

The estimated weekly expenditure 
would be :— 


Lt Soe 
1 Secretary and mana seraes eee. = 4 0 
enpine-driver wees, see eels PAGER a8. 
ZL CONCUCEOL Utes ete ee nae wae TelO 
1 fitter and repairer and assistant 
CNPINe-CTWEL 2h. sneer cctec es tober kta Sev Lay? 6 
r shintersand porter es meresssyt ee. 1 a eee 
T DlatelaVer = cnrascspes eect cree rasees ace T5107 © 
Plabourerand Hoy as -arsccree coer eae 
Weeklynvages ...c.-ccrnur.< ie he CP 8) 
(Coal, <5 (ORS AturAS Del tO Mure trena os SIO geo) 
Oibandsengine Stores = 1. sees eeeetene<- 015 O 
SUNCLICS SDOSIGN EG MetC. gerne. saa cet 015 Oo 
Wreeklyexpenseea...a ers: LEE Loy 0) 
Our annual expenses should be 
about :— 
LS. 
Wages, fuel, etc., as per list above, 
ALLS PEL AWeel eye sine cna meee 936 0 oO 
Depreciation and maintenance on 
rolling stock at 10 per cent. per 
ANU 6 oy Set seer cae ae ee re 250 (02,0 
Depreciation on permanent-way on 
£4,750 at 74 per cent. perannum 356 0 oO 


Depreciation on fencing, gates, 

buildings, etc., on £6,500 at Io 

Per Celis Per annum ne oagee eee ae 650 O O 
Rates and taxes, etc. BOO." 10 


£2,302 Ol 


ee ee i 


Or £46 per week, equal to 2s. 64d. per 
train mile, or at the rate of about 50 
per cent. of the gross receipts. 

Thus our installation at £2,400 per 


mile, say £24,000 in all, should yield us 
a clear profit of £2,194 per annum, or 
at the rate of about g per cent. per 
annum on the total cost. 


TIME-TABLE FOR LIGHTSRAITWAX: 
(10 Miles long ) 


HOME AT TOWN TERMINUS. 


Journey. Dep. Arr. 
a.m. a.m. 
1—Out. 8.0 8.50 Passengers and goods 
through. 

From  8.50tog.30 Shunting and _ tranship- 
ping from light to stan- 
dard gauge and vice 
versa at the terminus. 

2—Home. 9.30 10.20 Passengers and goods 
through. 

From 10.20 to 11.0 Shunting, etc., at home 
terminus 

p.m 
3—Out II.0 12.30 Passengers and _ goods, 
shunting and taking up 
loads, etc., from farm 
sidings on the way 
p.m. p.m. 
From 12.30to1.30 Dinner. 
From 1.30to 2.0 Shunting and tranship- 


ping, etc, at main-line 
end. 

3.30 Passengers and goods, 
shunting and _ setting 
down loads, etc., at 
farm sidings on the way. 


4—Home. 2.0 


From  3.30to4.0 Shunting, etc., at home 
terminus 
5—Out. 4.0 4.50 Passengers and goods 
through. 
From 4.50to6.0 Shunting and tranship- 
ping. 
6—Home. 60 6.50 Passengers and goods 
through. 


It has frequently been urged against 
narrow-gauge and light railways that 
they are but toys, capable of accom- 
modating only small engines with low 
tractive force. The illustration in Fig. 9 


FIG. 12,—LEVEL CROSSING, FORMED WITH WOOD PLANKING, BOLTED TO THE SLEEPERS, AND 
PROTECTED WITH ANGLE IRON 
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FIG. I3.—VIEW OF ENGINE BUILT BY THE HUNSLET ENGINE CO., LEEDS. 


Gauge of Railway, 3 ft. 38 in. Diameter of Cylinders, to in. Length of Stroke, x ft. 4 in, 
Diameter of Coupled Wheels, Zt. 3 17. Diameter of Bogie Wheels, x ft. 11 in, Length of Coupled Wheel base, 6 ft. 
Length of Total Vheel base, 15 ft. 2 in. Weight in Working Order, 20 tons. 


FIG. 14.—ILLUSTRATION SHOWING ANOTHER TYPE OF ENGINE FOR LIGHT RAILWAY WORK, BUILT BY THE 


HUNSLET ENGINE CO., LEEDS. 


Gauge of Railway, 1 ft. 102 in. Diameter of Cylinders, 84 in. Length of Stroke, 1 ft 2 in. 
Diameter of Coupled Wheels, 4 ft. 6 in, Weight in Working Order, rr$ tons. 


ByAS 


shows a type of compound locomotive 
which is somewhat novel—there being 
one high-pressure cylinder exhausting 
into a re-heating receiver in the hot 
smoke-box, and thence into. the two 
low-pressure cylinders outside. This 
gives the same number of exhausts as 
aa ordinary locomotive, and is effective 
in making a steady blast. 

The engine (one of several built by 
the Avonside Engine Company for a 
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The rails used are of Vignolles section, 
weighing 36 lbs. per yard. In order to 
make an engine with a long total wheel- 
base accommodate itself to the road, all 
the coupled wheels and the pony truck 
are compensated together; and to give 
great lateral flexibility when on sharp 
curves, the rear bogie and front pony 
truck are free to move g in., subject 
to controlling springs. The draw-gear 
also,—which pulls from a point near 


FIG I15.—CALTHROP’S NARROW GAUGE TRUCK FOR CARRYING STANDARD GAUGE ROLLING STOCK 
OR ORDINARY HORSE WAGGONS, 


2 ft. 6 in. gauge railway in South 
America) is of the following dimensions, 
V1Z. :— 


15 in. diam. by 
16 in. stroke. 
15 in. diam. by 
20 in. stroke. 

Fixed wheel base ,:..:-.10.5-. mike 

6 coupled wheels feed ep lek Wenteyes Ue 
centre wheels 
having no 


1 high pressure cylinder ...... 


2 low-pressure cylinders ...... 


Coen ween neeeees 


flanges. 
Trailing bogies (4 wheels) 2 ft. in diam. 
Leading pony truck (2 wheels) Do. 


Heating surface, tubes......... 676 square feet. 
Do. fire-box ...... 70 ACR | ate 
Tank capacity 860 gallons. 
BURKOE- Capacitye sce tetceseanecs go cubic feet. 
Working pressure. 20. seis sia 180 lbs. ‘per 
square inch. 
Weight on any wheel not exceeding 33 tons. 
(Sleepers are spaced about 2 ft. 5 in. centres.) 


ee ee 


the centre coupled wheels—can move 
laterally 10 in. at the buffer beam. 

The adoption of compound engines 
was determined by the great cost of 
fuel and water they were to use, and 
it has been found in actual working 
that they save about 25 per cent. on 
these items over plain engines doing the 
same work. ‘The engines are reported 
to run very steadily, and are probably 
the largest engines made for the 2 ft. 6in. 
gauge. 

The reversing handles are arranged 
so that both high and low pressure. 
cylinders may be worked in various 
grades of expansion. ‘The sanding is 
done by Gresham’s steam _ sanding 


Light Railways. 


apparatus. The starting apparatus is 
by a simple valve, which admits a small 
amount of high-pressure steam into the 
low-pressure cylinders; and it has been 
found in practice to be very effective. 
There is a safety-valve on the receiver 
to blow off at 125 lbs. per square inch. 
The engines have cabs of commodious 
pattern, having a clear working space 
for driver and stoker of 6 ft. by 4 ft. 6in. 

The tractive force of these engines 
is :-— 

High-pressure cut-off, #5; low-pres- 
Bipeecte-Ol,; 8:044) Ibs. 

High-pressure cut-off, 5%; 
Bete cut-Oll, = ;-10°870 lbs. 

I think it will be granted that a case 
has been fairly made out for the narrow 
gauge light railway, even where break 
of bulk is necessary at the interchanging 
station; but Mr. Everard R. Calthrop, 
some little time ago, brought out a most 
ingenious method of bodily conveying 
loaded standard gauge waggons along 
the narrow line, which seems to promise 
good results (see Fig. 15). 

Where there is a fairly large amount 
of traffic to be anticipated for a proposed 
light railway, and yet not sufficient to 
necessitate a double line all the way, 
a good plan is to build the railway with 
three lines of rails, forming two roads, 
one up and one down, as shown in Fg. 4. 
Such an arrangement costs very little 
more than an ordinary single line, whilst 
requiring no switches at the passing 
places. The widening into two separate 
roads is effected merely by a simple 
vee crossing, without any switches or 
moving parts, as shown in Figs. 3 and 4, 


low-pres- 


oye 


thus saving the cost of signalmen for 
operating the switches. 

The great question, of course, is the 
means to be adopted for raising the 
necessary capital for these light railways. 

In Belgium it is subscribed in the 
following proportions :— 


hei tatewe aepel Cant 
‘Lhe Provinces’ :... = 28 i 
The Communes...... 40°9 - 


Private individuals. 4:1 € 


100°0 " 


I would recommend :— 

One-fourth by the local standard main 
line, to which the light railway acted 
as feeder. 

One-fourth by the local landowners 
through whose property the railway 
passed, and the value of which would 
be largely increased in consequence. 

One-fourth by the county council. 

One-fourth by the general public. 

Whichever way the money is raised, 
the management should be retained by 
the Light Railway Company, and not 
allowed to revert, as is too often the 
case, into the hands of the neighbouring 
great railway. 

With a proper system of such cheap 
light railways to act as feeders to the great 
lines, an impetus would be given to the 
great farming industries of this country, 
and a ready and cheap means would be 
provided for the working artisans in our 
crowded cities to get to healthy country 
homes, thus providing one means of 
overcoming the evil resulting from the 
existing overcrowding in our towns. 


SOME 
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By W. G. BAGNALL, 
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of late years on light railways that 

I doubt if more can be added to 
interest those readers who have not the 
wish to take up the subject as a special 
study. 

One of the original and best known 
narrow gauge railways 1s the Festiniog. 
It requires no description, as so many 
have seen it. The gauge is I ft. 112 in. 
That this has been a successful venture 
no one can fora moment doubt, but it has 
It was origi- 


oy much has been written and said 


possibly led many astray. 
nally built to bring the slates down from 
the quarries only. The traffic has in- 
creased to such an extent that it is now 
doing work equal to many main lines 
abroad. The difficulties of working so 
narrow a gauge with increasing traffic 
have been overcome, but it is safe to 
say that such a gauge would not have 
been adopted in the first instance had 
the present existing bulk of traffic been 
foreseen. The necessary delay and engi- 
neering and physical complications in 
that particular instance made the change 
no doubt difficult, if not impossible, so 
notwithstanding the enormous develop- 
ment the original gauge was retained. 
Some twenty-five years ago, when there 
were not so many light railways on the 
continent, foreign engineers would ask 
for a ‘ Festiniog,” which really meant 
nothing more than a light railway of 
60 centimetres, or practically similar 
gauge. Many, however, have made the 
mistake of adopting it where the traffic 
would have warranted a wider one. We 
know now that some countries—France, 


for instance—are practically intersected 
with narrow gauge railways, and it was 
thought by some who brought the ques- 
tion forward a few years back that the 
same thing would happen here for the 
relief of agriculture. Others who knew 
the agriculturists well thought differently, 
for, in the first place, the ordinary farmer 
requires no railway at all, for his grand- 
father had none ; and, in the second 
place, he must have a full gauge, because 
he could not be ‘‘ bothered with the light 
ones.” Yet he is the first to complain 
when charged high rates on his goods, 
little realizing the enormous initial and 
working expenses on our main lines, and 
yet again he is the last to seek economy 
when expenditure is to be made to afford 
him help. 

Thus, although an Act has_ been 
passed which greatly facilitates the 
making of railways and reduces the 
initial expenses and provides subsidies 
from both the Imperial Exchequer and 
County Councils, comparatively speak- 
ing but little progress has been made. 
A short time before the Act received 
the consideration of Parliament, I was 
asked if it was feasible to construct a 
light railway from a main line to a town 
of considerable size three miles away, 
which was disconnected. One farmer 
told me that he had to keep two cobs 
specially to do his milk traffic, and that 
the saving to him would be great. To 
keep down the expenses it was neces- 
sary to get the consent of the landowners, 
which I obtained, subject to the tenants 
agreeing, but before I had time to 


372 


Some Notes on Railways. 


approach the latter, they had a “ round 
robin”’ signed by every one interested 
that it was not desirable to have any 
railway at all. 

Wide gauge or none at all, some 
people say, therefore is it in many in- 
stances none atall. If the wide gauge 
can be made by any means, and rates 
are not proportionately increased and 
the district can maintain it, certainly 
have it; but the fact is often overlooked 
that the way to get a wide gauge is 
to start with a narrow one. Take an 


ayes 


when a larger engine than one with 
8 in. cylinders is required for the work 
it is better to adopt the wider one, and 
an enormous amount of work can be 
conveniently done on it with 4o lb. 
rails and sleepers 2,112 to the mile. 
The cost of this per mile to-day would 
be about £800, and prices are high. 
On this railway, with curves 120 ft. 
radius, a six-wheeled coupled engine 
will haul 150 tons up a gradient of I in 
[OO,40l 5 5 (00S ai pasta S0,.a0d ale 
speed may be 25 miles an hour. The 


60 C.M. GAUGE ENGINE, BY W. G. BAGNALL, LIMITED, STAFFORD, WITH 8 IN. CYLINDERS, CAPABLE 
OF HAULING 200 TONS ON THE LEVEL, 


instance. Some four years ago I was 
consulted about a railway. They wanted 
a 3 ft. gauge with 4o Ib. rails, but could 
not find the money. On _ receiving 
particulars of the traffic, | recommended 
a 2 ft. gauge with 25 lb. rails, which did 
the work admirably. The traffic has 
increased fourfold. Instead of two en- 
gines they have five, and if they want 
to lay a wider gauge now that the traffic 
has been proved financiers are to be 
found willing to advance the money. 
The best gauge for miniature main lines 
is undoubtedly 30 in. ; 60 centimetres or 
2 ft. makes a good “ light railway,” but 


weight of the long bogie wagons to 
carry up to Io tons is about 34 tons. 
Just compare the dead load with that on 
our main lines in agricultural districts. 
The incline of I in 50. is, of course, a 
heavy one. In speaking of gradients few 
have an idea of the effect in hauling 
power. Once in Bohemia a contractor 
complained that an engine would not 
haul what I said it would on the level. I 
visited the site, a valley between hills, 
and it looked perfectly level. I was much 
surprised, but on testing it I found an 
incline of 1 in 57, which would reduce 
the load by 8o per cent.,and only shows 


374 


Engineering Times. 


PASSENGER CARRIAGE FOR 294 IN. GAUGE RAILWAY, BY W. G. BAGNALL, LIMITED, STAFFORD. 


how dangerous it is to trust to the eye 
in such matters. It is the usual custom 
to ask for an engine to haul a certain 
load on the level when in reality there 
is a considerable incline which reduces 
the load by perhaps two-thirds. 
Perhaps the ‘‘Shap” is the best known 
gradient on our main hlnes on leaving 
Preston for the north. Take, for in- 
stance, I in 70, and the maxi- 
mum load as compared with 
that hauled on the level would 
be, say 1,000 tons on level 
as against 250 tons on the 
incline, but in hght railways 
much heavier gradients are 
adopted. About fifteen years 
ago, one Christmas Eve, I 
heard from a stranger abroad 
that a railway was wanted 
to take building material up 
a mountain and the gradients 
would be very heavy, and I 
was asked whether I would 
care to compete. I wired, 
“Will leave the day after 
to-morrow.” When I arrived 
at the site I was told that 
foreign engineers had _pro- 
nounced the scheme impos- 
sible. The length was 
24 miles, the gradients 1 in 
I4, minimum curves which 
were absolutely necessary, 
33 ft. radius, gauge 80 c.m. 


or 314. in. Well, of course, I had known 
engines go round such a curve, and up 
such gradients; but when one looked 
over the edge and saw some hundreds of 
feet of space, and above a precipitous 
mountain, it made one realise the 
responsibility. However, the contract 
was signed, and the goods sent off in 
due course. When the men were 
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ENGINE FOR 75 C.M. GAUGE, WITH I0 IN. CYLINDERS, BY W. G. 


laying the road, frequent cablegrams 
came beseeching me to withdraw the 
material, and so save the credit of myself 
and others concerned. My reply was, 
pContinuer to) lay—rails ; come 
myself for trials.” The whole 
lation was very satisfactory, not an 
accident occurred, except that one 
engine slipped backwards one morning, 
brake on the whole way down, 24 miles, 
round the curves, and landed safely and 
unharmed on the quay. The engines 
weighed 13 tons, and hauled 14 tons 
under favourable circumstances, de- 
pending upon adhesion only. On two 
occasions I have worked on inclines 


will 
instal- 
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I ing, and in one instance 1 in 8, hauling 
empty waggons only. 

The foreigners, with less money at 
their disposal, have undoubtedly pushed 
the light railway trade far more than 
we have, and as demand creates supply, 
many works have been started abroad to 
construct these lnes on an economical 
basis. England was the pioneer of 
railway work, and, notwithstanding all 
that we have heard about American and 
other engines invading the home market, 
there can be no doubt that with the 
same facilities English work is preferred. 
But different countries have different 
fancies, and it must be owned, that 


30 IN. 


GAUGE ENGINE, WITH LEADING TRAILING RADIAL AXLE, RUNNING ON A CURVE 90 FT. 
RADIUS, BY W. G. BAGNALL, LIMITED, STAFFORD. 


376 


whereas our designs are placed before 
the world with a decided disinclination 
to change, other makers, seeing their 


PRESSED STEEL SLEEPER 


are 
alterations to suit the fancies of would- 
be buyers, whether it be in the shape 
of an elaborate cab which disturbs the 
balance of the engine, or by adding 


chance, prepared to make any 
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innumerable bright brass mountings 
which please the eye, at the sacrifice of 
the more or less unseen working parts. 
Still it is well, perhaps, in these days 
to ‘‘ please”? the customer, if it can be 
done without sacrificing the quality of 
the main work; but the best will in the 
end have its full acknowledgment, pro- 
vided that the price is not unreasonable. 

Many things that are seen on a main 
line engine can be dispensed with on 
a small one, and if ‘‘old hands”’ say, 
‘“You cannot call that a locomotive,”’ 
the best reply is, “* Find fault with the 
way it does its work if you can.” 

In this country, if we are to maintain 
our pre-eminence, we must bow to the 
inevitable, and without ever sacrificing 
good work for the sake of price, we can 
attempt, as far as possible, to meet the 
views of purchasers, though they differ 
very much from our own. My rule is 
to work to standard types, and add any 
fitments to meet local fancies, charging 
extra for same. 

The question of design is exhaustive. 
That of outside or inside cylinders is 
one to be considered, as also a high 
or low centre of gravity. When I first 
commenced to make locomotives I pre- 
ferred the inside cylinders, for it is 
natural that with all the work between 
the wheels the engine must run steadily ; 
but, on the other hand, the parts are 
not always accessible, and the crank 
axle is liable to give way. There is not 
much objection to the outside cylinders 
in practice. Again, in a four-wheel- 
coupled engine I placed the tank under 
the smoke-box end of the boiler, to 
counterbalance the weight of the fire- 
box, and to keep the centre of gravity 
low. It certainly allowed for a deeper 
fire-box, and the boiler being placed a 
little higher, left more room underneath, 
between the frames, to attend to the 
parts. Contractors and others who 
have worked these engines have fre- 
quently asked for the same again, and 
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have been disappointed when told that 
experience has shown that high centre 
of gravity and saddle tanks are to be 
preferred. Ona 2 ft. 6 in. gauge I once 
placed two engines, one with Io in. 
cylinders, six wheels coupled, outside 
frames, side tanks, outside motion; the 
other with 11 in. cylinders, inside frames, 
inside motion, saddle tank, six wheels 
coupled, all compensated. It was an 


interesting experiment, and it will be 
noticed that the two engines differed in 
Both engines ran 


all essential points. 


yy 


chiefly because the first designs were 
detéctives. es >ome) were tried on’ the 
main lines in this country with flanges 
on the base. These rode on the ballast 
and caused trouble, whereas’ there 
should be no flanges or rounded surface 
for the sleepers to rest upon. The 
centre should be strong, to prevent 
buckling, and the ends shghtly turned 
down, to retain the ballast. Therefore 
a rolled sleeper with the same section 
throughout is not to be recommended, 


and must have a good deal of un- 


HEAVY SADDLE TANK ENGINE FOR 2 FT. 6 IN. GAUGE, WITH I2 IN. CYLINDERS. 
BAGNALL, LIMITED. 


BY a. Gre 


round the curve of 120 ft. radius, but 
on comparison there was no doubt 
that the larger engine with the higher 
centre of gravity was easier on the 
road. It weighed 20 tons in working 
order, and was very steady when running 
at a fast speed. The rails weighed 
36 lb. per yard. It will be noticed 
that the two bogie engines ‘‘ Sodupe”’ 
aude *©, H. A.” have side tanks, this 
being the most convenient form for 
engines of this type. 

The mode of laying rails on wood 
sleepers is well known. There are 
many designs of steel sleepers, but in 
many cases they have a bad name, 


WEIGHT, 20 TONS. 


necessary weight, whereas a _ pressed 
sleeper can be strengthened where 
desired by means of corrugations. Keys 
are very handy for fixing the rails into 
position, and by placing one on the 
inside instead of the outside of the rail, 
the gauge can be widened for curves 


by 2in. Then, again, by placing both 
keys inside, it can be widened by 
% in. Punched out, corrugated chairs 


are preferable to riveted ones. When 
pressing, an incline of I in 20 can be 
formed on rail seat. The accompanying 
illustration shows the various points 
named. 


To go into the various uses of the 
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light railway would exhaust your space, 
not to say your readers’ patience. In 
plantations abroad thousands of miles 
are used of the permanent and portable 
(removable) type, and there are many 
designs to suit various conditions. No 
structural work of any important nature 
can now be carried out without its use, 
and no works can compete favourably 
with others unless the expense of moving 
articles about can be minimised by the 
inevitable hght railway. 

If I may be allowed to presume to 
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speak of the future, I should say that 
serious overcrowding in large towns 
might be relieved, and that the health of 
the people might be much improved bya 
very simple scheme of light railways. 
Towns could purchase land outside, in 
healthy spots, where cottages could be 
built, and light railways could convey 
the workers to their shops, and back 
again. In this respect they would 
one of the greatest 
blessings on the working people of this 
country. 


be conferring 


en ee 


EORMrABLE AND LIGHT RAILWAYS: THEIR 
DEVELOPMENT AND USES. 


By H. C, DUBURGUET. 


HE uses to which portable rail- 
ways can be applied are almost 
innumerable, and such railways 

are especially serviceable where the work 
to be executed has to be done in a short 
time, as, for instance, in harvesting crops, 
Aoteeinecontractors. jobs. Ihe main 
principle of portable railways is the 
subdivision of loads so that each load 
can be easily handied and transported 
on a light line with light waggons. 

A portable railway, to be thoroughly 
efficient, should embody the following: 
(1) Maximum of strength combined with 
a minimum of weight ; (2) All the parts 
should be interchangeable; (3) The 
fastening of the rails to the sleeper 
should be made in such a way that it 
does not weaken either the rail or the 
sleeper ; (4) Minimum of loose parts; 
and (5) No skilled labour should be 
required. 

The portabie railway described herein 
embodies the above advantages. The 
rails are fastened to the sleepers by 
means of steel chairs, into which the 
Pa@etits, sand im) which it 1s securely 
fastened by means of a clutch bolt. As 
will be seen by the engraving (Fig. 1), 
no holes are punched in either the rail 
or the sleeper where the weight comes 
on the rail. The rail joints are made 
by double corrugated sleepers, by which 
means the ends of the two rails are well 
supported. To combine lightness with 
strength, the sleepers have a deep 


in the centre, the joint 
sleepers having a double corrugation. 

An endless variety of sections are 
manufactured both for the rails and 
sleepers, the outcome of the many appli- 
cations of such railways. Whilst there 
are many variations in detail, the main 
principles remain the same, the details 
for each installation depending upon 
its Own circumstances as regards the 
work to be done and the nature of 
the ground on which the line has to 
be laid. 

For such ordinary industrial opera- 
tions as are found on farms, brick and 
tile works, collieries, chemical sheds, 
lime works, iron works, and engineering 
shops, and, further, for pioneer purposes, 
in communicating small outlying towns 
and villages, also for construction pur- 
poses for railway and harbour works, 
light been found of 
immense value. 

During the winters of 1891 to 1894 
the Leeds Corporation utilized the 
portable railway system with a view 
of employing unskilled labourers who 
during those severe winters were thrown 
out of their ordinary employment. The 
system was employed in the construc- 
tion of new roads and improving public 
properties owned by the Corporation. 
In one case a hill was levelled and an 
adjoining hollow filled, involving the 
removal of about 85,000 cubic yards 
of earth. 


corrugation 


railways have 
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For scientific expeditions and military 
purposes, the uses of such lines are well 
understood. Several scientific societies 
in charge of exploring expeditions in 
West and Central Africa have employed 
such railways. One of the difficulties 
which explorers have had to deal with 
is the transport of their light draft boats 
over or beyond the rapids. Boats con- 


structed incompartments were taken out, 
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The Home Government war autho- 
rities, in the early times of the trouble in 
Egypt, realized the necessity of having 
immediate means of transport, and with 
this object in view they purchased an 
enormous plant of locomotives and 
bogie trucks for the use of the Suakim— 
Berber military expedition. The autho- 
rities in charge of the expedition con- 
sidered that 18 in. gauge track would 
be the most suitable 
for them, it being im- 
perative that a long 


SECTION SHOWING MODE OF 
FASTENING RAIL TO SLEEPER. 


SINGLE OR INTERMEDIATE 
SLEEPER. 


DOUBLE OR JOINT SLEEPER. 


FIG. I. 


but to carry these it necessitated a large 
number of natives, and progress was 
necessarily very slow, and left the ex- 
plorers largely at the mercy of the 
natives. The accompanying illustration 
(Fig. 2) shows how boats were trans- 
ported by natives, and the other (Fig. 3) 
shows the transporting by means of light 
railway with bogie carriages. Subse- 
quently boats were made, and we believe 
answered the purpose very well, to be 
transported without being taken to pieces. 


mileage should be laid 
quickly, and the width 
of the road-bed mini- 
mised. The railway 
had rails about 24 Ib. 
per yard, and was used 
for transporting mili- 
tary stores and ammu- 
nition. The engines 
used on Shrsliae 
weighed about twelve 
tons. 

The €conom, 


effected between rail- 
way transport and 
road transport 1s con- 
siderable. In  sugar- 
growing countries, for 
instance, the wear and 
tear of the animals is 
a very heavy item, 
which it is impossible 
to estimate. Then, 
again, in harvesting, 
time is of the utmost importance. The 
cane, once cut, must be transported to the 
mill with the least possible delay, so that 
it may be treated immediately it is 1n its 
richest condition, It has been estimated 
that the loss of time with road carts as 
compared with railway transport is four 
to one in favour of the latter. This isa 
very important item to consider, as should 
also be the large forces of men who are 
required to keep the roadsin repair during 
the rainy season in tropical countries. 


Portable and Light Railways: Their Development and Uses. 


Portable railways are now very popu- 
lar amongst planters in the Colonies: 
the principal sugar growers of the world 
find the system indispensable for rapidly 
harvesting and transporting the cane to 
the crushing mills. It will be under- 
stood that where the distance from the 
fields to the mill is considerable, say 
over one and a half to two miles, 
locomotives come into use; and where 
steam traction can be adopted, further 
advantages are secured, and economies 
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of its large size, is (as all who have had 
to do with this animal know) a very 
delicate beast, and cannot be worked 
more than six hours per diem. Every 
few months it has to be rested entirely, 
and any elephant, to be of any good for 
forest work, costs at the very least 1,500 
rupees (say £85). Each _ elephant 
represents, therefore, a capital which at 
any moment might disappear, owing to 
the animal dying or running away into 
the jungle, a case by no means of rare 


FIG. 2.—-SKETCH SHOWING BOAT SECTIONS BEING TRANSPORTED BY AFRICAN NATIVES ON 
ORDINARY ROAD CARRIAGES. 


PHectedy Qn a track, say, 2 ft. or 
2ft. 6 in. gauge, enormous quantities of 
material can be transported. The con- 
struction of the line and rolling stock 
admits of easy adaptation to the contour 
of the country, so that irregular lines 
and sharp curves can be laid with 
practically no excavations or embank- 
ments. 

For India and Burmah, and we sup- 
pose in most tropical countries, there 
are only two possible ways of getting 
timber from the immense forests, v1z., 
by using elephants to drag the logs to 
the nearest water-way, or by the aid of 
a portable railway. An elephant, in spite 


occurrence. It is therefore obvious 
that a portable railway is the best and 
cheapest method for forest work in 
these countries. 

Light railways are used as an adjunct 
to main line railways, as they can be 
used as feeder lines from outlying dis- 
tricts. Where a main line is not 
financially possible, a feeder line answers 
the purpose; and, moreover, is asource of 
revenue to the owners. 

Feeder lines in India are now an 
established tact. The Indian Government, 
having recognized the benefits derived 
from such railways, are doing their 
utmost to encourage investors to lay as 
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many lines as possible in that country. 
Amongst the advantages offered by the 
Indian Government is the free use of 
one side of the high roads on which the 
line may be laid, and native wood 
sleepers have been supplied free to the 
promoters; such grants affecting an 
enormous saving to the owners of the 
feeder line in the first outlay. 

As an example of such feeder lines, we 
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high road, crosses several rivers, and for 
about eight miles, on the Kheri side, 
passes through a forest (from which 
fuel is taken), away to a large sugar 
refinery and rum distillery, as well 
as to the Schahjahampur and Kheri 
termini. 

On plantation roads and provincial 
roads and tracks in the Colonies the 
resistance 1S very heavy, owing to the 


FIG. 3.—SKETCH INTENDED TO SHOW THE SAME OPERATIONS (AS IN FIG. 2) BEING CARRIED OUT 
BY THE USE OF A PORTABLE RAILWAY AND BOGIE TRUCKS. 


might mention the Powyan Steam Tram- 
way Co., which is toa gauge of 2 ft. 6 in., 
31 miles in length, and runs between 
Kheri and Schahjahampur, Kheri being 
on the Rohilkund Kumaun Railway, and 
Schahjahampur on the Oudh and Rohil- 
kund Railway, both of which are main 
lines. The traffic on that line is most 
varied : it consists of cereals, skins, wood 
for fuel, and, in fact, of all goods generally 
transported by railways, as well as for 
passenger trafic. The tramway has 
alsothecontract from the Indian Govern- 
ment to carry the mail. The line runs 
for the greater part on one side of the 


nature of the ground and the weather, 
in the rainy season such roads_ being 
frequently impassable. 

A striking example of the advantages 
derived from a narrow gauge railway is 
the Tezpore Balipara Railway in Assam, 
India. Four or five years ago a bullock 
team carrying tea-chests, rice, etc., from 
the outlying tea-gardens to the river dock 
at Tezpore would, in the rainy season, 
which is the time for tea manufacturing, 
occupy twelve or fourteen days for a jour- 
ney of only fifteen totwenty miles. Such 
work was a severe punishment to the 
animals, a large number of which died 
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FIG. 4.—VIEW OF A PORTABLE RAILWAY CONSTRUCTED BY MESSRS. JOHN 
FOWLER & CO, (LEEDS), LIMITED. 


every year, and there was considerable 
risk of damage to the cargo. The planters 
in the district, seeing the loss of time and 
money involved by this means of trans- 
port, amalgamated for the purchase of a 
small tine of 2 ft. 6 in: gauge. The 
length of this line is about twenty-one 
miles, and at the present time two trains 
per day are regularly run in each 


locomotives; a_ vast 
the old system, no 


direction with 
improvement on 
one will deny. 
Many more or less known installa- 
tions of light railways may be referred 
to. Some have been termed ‘“ baby rail- 
ways,’ with miniature trains in actual 
use; but these would come under the 
category of “hobbies” taken up by 
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FIG. 5.—GENERAL VIEW OF THE DARJEELING RAILWAY. 
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persons of sufficient wealth to indulge in 
such hobbies. 

The industrial light railway and its 
uses will now be fairly well understood, 
but probably the most wonderful appli- 
cation of the light railway, and certainly 
a unique one, is the line known as the 
Darjeeling-Hymalayan Railway, joining 
Seliguri, the terminus of the Eastern 
Bengal Railway (a broad gauge Govern- 
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is sufficient to say the line is run on the 
very edge of precipices, in some parts 
the rock having been cut away to form 
a. shelf, on which the line is -laid. 
The natural difficulties were success- 
fully overcome, and the line has been 
worked for some twelve or fifteen years 
without an accident; and what is also 
important, has proved a financial succéss 
from the first. It is believed that the 


FIG. 6.—AN 


ment railway), and Darjeeling, the 
sanatorium of Bengal, and 7,000 feet 
above sea level. This railway is about 
thirty miles in length, and laid to a 
gauge of 2 ft.; it is largely used for the 
transport of passengers from the plains 
of Bengal to the more bracing climate 
of Darjeeling, during the rainy season. 
The railway goes through the Darjeeling 
tea-planting district, and carries tea 
and stores, as well as all the machinery, 
etc., required for the tea-gardens. In 
such a brief article as this it is almost 
impossible to give an adequate descrip- 
tion of the line, with its extraordinary 
zigzag route and shelving roadway. It 


EXTRAORDINARY LOOP ON THE DARJEELING RAILWAY, 


views of this line here shown have never 
been published before. 

It will be seen that there is no com- 
parison between the expenditure of trac- 
tive force required on a light railway as 
compared with road transport, and this 
saving becomes greater as mechanical 
power is adopted. When portable rail- 
ways were first introduced they were 
intended to be worked by manual power 
the advantages were so striking as to 
at once call for the use of heavier trains 
hauled by animal power, and this, in its . 
turn, led up to mechanical haulage; and 
now, wherever there is any distance to 
run, steam locomotives are employed, 
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and such engines are run successfully 
on lines of 18 in. gauge and upwards. 
The diamond fields in South Africa 
are a well-known instance of the remark- 
able development of the light railway 
system. Small tubs were at first pro- 
pelled by the natives; now, in every mine 
of any extent, trains of from twelve to 
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by the overhead trolley system; but this 
development can only be spoken of at 
present as in the experimental stage. 
The development of the portable rail- 
way has necessitated the design and con- 
struction from time to time of almost 
every kind of vehicle, from a 4-yard 
bucket truck up to a passenger car to 


FIG. 7.—ANOTHER VIEW, SHOWING THE ZIGZAG COURSE OF THE DARJEELING RAILWAY, 


twenty trucks hauled bysteam are hurried 
in all directions by Liliputian engines. 
Eighteen inches gauge isa favourite one 
in those mines. Some of the companies, 
however, seeing the advantages of the 
system, have adopted 30 in. gauge, and 
have thus gained further economy. 
Electrical engineers have now turned 
their attention to electricity as a motive 
power on such railways, and several 
small installations have already been 
made on the storage batteries system, and 


carry twenty-four or thirty people, and 
intermediary stock of almost every de- 
scription is now used. Largely as the 
system has been adopted, it is asserted 
that there are many industrial operations 
and transport requirements which could 
be successfully dealt with by narrow 
gauge railways. It must, however, be 
understood that this system is not in- 
tended to compete with the ordinary 
4 ft. 84 in. gauge main line railway, but 
to be employed as an adjunct thereto. 


CAILLET’S MONORAIL. 


By GC, C2HOYERSVIEEAS 


N the early dawn of the new century, 
when so much is being written on 
the subject of scientific locomotion, 

it seems an anachronism to call atten- 
tion to a system of transport the 
maximum pace of which never exceeds 
five miles per hour. It was observed 
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rail system is certainly slow, yet inas- 
much as it enables a man or an animal 
to move an increased load with the 
same expenditure of force, the system 
is of practical utility, and worthy of 
attention. 

The principle of Caillet’s Monorail 


FIG. I.—VIEW OF CAILLET’S MONORAIL, USED FOR LIGHT TRAMWORK. 


by Disraeli that the man who caused 
two blades of grass to grow where only 
one grew formerly, deserved well of his 
country ; and in the same manner it may 
be claimed that an inventor who enables 
one man to do the work of two, or to 
increase either the pace or quantity of 
work. formerly possible, is equally de- 
serving of praise. Therefore, although 
the pace of transport by Caillet’s Mono- 


system is traction by side leverage, and 
the ‘cars or trucks have two or four 
wheels running in the same plane ona 
single rail. At first sight such a prin- 
ciple would seem to involve and per- 
petuate a side thrust, whereby the inner 
flange of the front wheel and the outer 
flange of the hind wheel would be 
kept against the rail. That this is 
not the case is readily proved by the 
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Caillet’s Monorail. 


reflection that it is easier to cause a 
wheel to revolve along a smooth surface 
than to move sideways across it ; hence 
the wheels move forward, and keep their 
proper position. ‘The flat of the wheels 
is twice the width of the rails, thereby 
increasing the freedom of play; and as 
roller bearings are fitted to the interior 
of the hubs, friction becomes practically 
non-existent. 

The car illustrated (Fig. 2) is the 
simplest in form, and shows at once the 
salient features both of system and 
method of construction. The sides of 
this car consist of movable flaps, which 


FIG. 2.—VIEW OF CAR OF CAILLET’S MONORAIL, 


can be exchanged for panniers when 
light bulky material, such as hay, has 
to be carried. At the Birmingham 
Royal Show in 1898, on which occasion 
the system was first exhibited in Eng- 
land (and won the Society’s silver 
medal), a car of this type was loaded 
with three trusses of hay, 56 lb. each, 
and worked by a boy of seven, who 
amused himself and numerous spec- 
tators for nearly an hour running the 
loaded car up and down tthe rail. 
Another car with flap sides was 
loaded with 6 cwt. of scrap iron, and, 
after the start, was propelled and 
balanced by several experimentalists 
with one finger, the line being, of 
course, on a dead level. These two 
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examples fully demonstrate the absence 
of friction and ease of balance and 
propulsion. 

An extremely light section of rail is 
used, a g Ib. rail being sufficient for all 
cars on two wheels with a load up to 
15 cwt., and for bogie cars with a load 
of about 20 cwt. As the weight of the 
load presses directly down on the top 
of the rail, only sufficient strength is 
required to resist any permanent bend- 
ing of the rail. For trucks loaded up 
to 30 cwt., a 12 Ib. or 14 |b. section 
is employed, according to the amount 
of trafic per day. The 14 ib. section 
is also strong enough for 
trucks carrying a load 


of four tons, since all 
fiticKks stb ae blOdade OL 
over 30 cwt. are built 


on bogies, which by dis- 
tributing the load over 
the rail obviate the bend- 
ing tendency. 

The raison détre of 
Caillet’s Monorail is not 
so much as a competitor 
with the light double-rail 
systems, as an interme- 
diary between them and 
other forms of wheel 
transport (wheel-barrows, carts, etc.). 
It is essentially a system for small 
traffic, and the limit of its economical 
working varies from 75 to 150 tons per 
day, according to local conditions. 
Its chief value and economy are found 
where long distances have to be tra- 
versed, and the traffic amounts to 
only a few thousand tons per annum. 
In such cases the cost of cartage, mule 
packing, or native porterage can be 
reduced by as much as 80 per cent. A 
few concrete instances of this saving 
may be cited. 

Only a few miles from London, where 
a daily traffic of ten tons has to be dealt 
with, an annual saving of £350 can be 
effected by Caillet’s Monorail on the 
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present cost of cartage, which amounts 
to £450. In South America, where a 
mule train is now employed, the trans- 
port costs £3 Ios. per ton for a distance 
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question of first cost. Here comparisons 
have to be made with the cost of a light 
double-rail system. Granting for the 
sake of argument the cost of the actual 


FIG. 3.-—VIEW OF MONORAIL AS USED IN EGYPT FOR TRANSPORT OF LIME IN BAGS 


which exceeds too miles. By using the 
monorail this cost can be reduced to 
20s. per ton. As compared with native 
porters in Africa and elsewhere, who 


rails and fittings to be the same (as 
a matter of fact the sale price of the 
monorail is about two-thirds that of an 
ordinary double-rail system), the other 


FIG. 4.—SHOWS MONORAIL BEING USED FOR FARM WORK IN FRANCE. 


carry loads of 56 lb. (7.e., forty porters per 
ton), the saving amounts to go per cent., 
since by the monorail four men only are 
required per ton. 

Even more important than the ques- 
tion of economy in working is the 


outlays before the line is in working 
order have to be considered. First of 
ali there is carriage, and here the 
economy may be taken at 50 per cent. 
Next comes the cost of preparation. 
The chief outlay in connection with a 


Caillet’s Monorail. 


FIG. 5.—VIEW OF MONORAIL IN USE AT A RANGOON SAW-MILL. 


double-rail system arises from the 
necessity of giving equal support to both 
rails, and levelling a bed upon which the 
sleepers rest evenly. 

Caillet’s Monorail can be laid to follow 
the sinuosities of the ground, and requires 
no careful adjustment or reguiarity. The 
rails need noz even be upright, and can 
be laid in a zigzag fashion without 
decreasing the efficiency of the system ; 
in fact, it is waste of time to lay out 
tangents and regular curves. Each 
wheel is a bogie ad hoc, since the 
axles, instead of running in a fixed 
bearing, lie in a slotted groove, thus 
providing for play round 
a curve, as well as nulli- 
fying the effects of rough- 
and-ready laying. 

The cost of the require- 
ments of a  double-rail 
system and the cost of 
those of Caillet’s Monorail 
are therefore very diver- 
gent, and, taking as a 
basis an undeveloped 
country where  prepara- 
tion is required, it may 
be stated that Caillet’s 
Monorail will cost only 
momeper cent. of any 
double-rail system, and 
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can be worked 
profitably on Io per 
cent. of the traffic 
necessary to make 
a double-rail system 
remunerative. 
Omerhie sorrer 
hand, greater clear- 
ance is required for 
the Monorail; but 
in a new country 
where land is cheap 
this is an unimpor- 
tant matter. One 
man or animal is 
required for each 
{LUCK Oe CAL aEDUL 
the rolling stock is made in such 
sizes as will enable the maximum of 
work possible to be done by the man 
or animal. Speed of laying is an 
important feature of the Monorail, and 
actual experience in Mexico shows that 
forty men can clear, prepare the ground, 
and lay the line at the rate of 14 miles 
per day. A test for pace at Aldershot 
showed that a mile can be laid in four 
hours, the limit of pace being the time 
required for slipping each rail into the 
fish-plate placed on the end of the 
previous rail. The Monorail is the 
essence of portability, and requiring so 


FIG. 6.—VIEW OF THE MONORAIL USED FOR THE TRANSPORT OF TIMBER, 


she ie) 


little preparation entails a minimum of 
expense where a line has to be moved 
from place to place. 

Although the system in its present 
form (for evolution has played its part 
since the original invention was made) 
is only a few years old, Caillet’s Mono- 
rail is now working in many distant 
countries, and each month brings an 
increasing demand as its advantages 
become more widely known and appre- 
ciated. As a pioneer for aiding the 
development of new countries, its field is 
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a wide one, and even at home there are 
many industries where its use would 
prove an economy as compared with 
existing methods. It has a sphere of 
its own, and seeks to work no harm 
to its older brothers, the barrow and 
cart, and its stronger brothers of the 
double rail. It can lighten the labour 
of man, and decrease the wear and tear 
of animals; and though it is no lightning 
express, its v6/e is not without that 
dignity which comes from honest effort 
and useful function. 


NEGOTIATING A STIFF GRADIENT ON A NEW ZEALAND RAILWAY. 


ARMOURED CONCRETE FOR BRIDGE, TUNNEL, 
AND GIRDER WORK. 


By H. C, WERNER, C.E. 


——-—- 


DLTLER TO, concrete work in 
England has mainly been re- 
stricted to foundation work, 

retaining walls, reservoirs, etc., 7.¢., to 
work requiring weight or bulk. The 
reason for this limited application is that 
ordinary concrete possesses great resist- 
ance against compressive stresses, but 
comparatively little with regard to tensile 


stresses. But during the last twenty years 
great progress in concrete constructions 
has been made on the continent. In the 
seventies, J. Monier, of Paris, gave the 
first impulse to armoured concrete work 
by strengthening concrete structures 
by inserting wrought iron rods, thus 
obtaining great strength and elasticity. 
This system (which he named ‘‘ Travaux 
en ciment avec ossature.en fer’), the 
so-called Monier system, was taken up 
in France, Belgium, Switzerland, Ger- 
many, Austria, etc., and found to be 
very suitable for the making of level or 


arched ceilings, circular tanks, light 
road-bridges, etc:, etc. § Pigs 1 as) an 
example shows the way Monier arches 
are made. Longitudinal rods a, a, a 
are laid down at about 3 in. distance, 
then i-in. rods are laid across at a 
similar distance, the whole thus form- 
ing a sort of network with meshes of 
3 in. by 3 in., which is afterwards 


FIG, I.—DIAGRAM SHOWING DETAILS OF MONIER ARCH. 


embedded in concrete. The sectional 
area of the longitudinal rods is calcu- 
lated according to the strength required ; 
the cross rods, which only serve to 
equally distribute the load, have + in. 
diameter. A theory.was worked out 
bype\iree Wie Koenen softs berlins and 
published in 1887, showing how to 
calculate the strength of concrete and 
iron in armoured concrete floors and 
ceilings, arches, tubes, and circular 
tanks. The firm of Messrs. Wayss 
& Freytag, at Neustadt (Germany), 
having recognized the importance of 
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FIG. 2.—ARMOURED CONCRETE GIRDER BRIDGE OF 40 FT. SPAN. 


this method, spent large sums _ for 
making exhaustive tests with various 
armoured concrete structures, and as 
they were assisted by scientific research, 
the theory of the new system was so 
improved that we are enabled now to 
obtain an accurate estimate of the value 
of the two materiais, iron and cement, 
when acting in combination in any 
structure. The theory is now not 
limited to arches, slabs, tubes, and 
circular tanks, but is applicable for 
calculating girders, joists, and columns 
made of armoured concrete. The 
system is extremely suitable for all 
sorts of railway structures, as bridges, 
culverts, subways, goods sheds, reser- 
voirs. To illustrate what is done we 
give a few examples of armoured con- 
crete work carried out on the continent. 
Fig. 2 shows an ordinary beam-girder- 
bridge, of 40 ft. span. It consists of 
two armoured concrete girders 7 ft. 3 in. 
centres cache wit, loin. deep, tangerer.. 
8 in. wide, covered with a flooring 54 in. 
thick, having a total width of 1o ft. 


The rails are laid on ordinary cross 
sleepers and ballasted road. 

Illustration No. 3 shows an armoured 
concrete road bridge of a span of 145 ft., 
thickness of arch 16 in. at the crown. 

Extensive application of the armoured 
concrete system has been made in 
covering the Vienna Metropolitan Under- 
ground Railway, as illustrated in Fig. 4, 
the span, varying from 28 ft. to 38 ft., 
total depth of construction 3 ft. 5 in. at 
7 ft. centres, carrying 2°4 tons per square 
metre. A great portion of the line has 
been arched in, having a span of 33 ft., 
thickness of arch at the crown g in,, 
and at the haunches 13 in. 

The great advantages claimed for this 
system of construction are :— 

Great strength and stability. 
Elasticity and pliancy. 
Economy in construction. 
Indestructibility. 
Non-corrosion. 

Costly painting dispensed with. 
Architectural effectiveness, and 
Beauty of design. 
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The reason armoured concrete can be 
more quickly constructed is that iron or 
steel rods are always at hand, whereas 
to obtain special girders or columns of 
iron or steel is a comparatively expensive, 
tedious, and slow process, and necessi- 
tates a large body of skilled workmen, 
besides the loss of available section due 
to riveting. 

This, however, is not the case in an 
armoured concrete girder or column, as 
the tensile portions are formed of iron or 
steel rods, and the concrete encasing it 
securely holds the rods together, and 
forms the compressive portion. In fact, 


% 


ENGTIMES — 


393 


supported by armoured concrete girders 
and columns, have been erected in five 
months, whereas it would have taken, 
at the very least, three times as long to 
erect the same in the usual manner with 
iron girders, columns, and joists. 

The iron or steel rods used being 
entirelyscovered .by the -concretes are 
thus permanently preserved, whereas 
under ordinary conditions, exposed iron 
or steel girders, etc., deteriorate with 
rust, and require periodical coating with 
paint or other preservative. 

It is now well known that exposed 
iron or steel in floors and columns of 


FIG. 3.—ARMOURED CONCRETE ROAD BRIDGE OF 145 FT. SPAN. 


a girder in armoured concrete is fixed 
in position before special iron or steel 
girders would be half finished; so that 
work in armoured concrete can be 
carried out much more expeditiously, 
and with proportionately fewer men. 

In building construction this is par- 
ticularly noticeable; large blocks of 
warehouses of seven and eight floors, 


buildings when attacked by a serious 
fire is nearly as perishable as wood, 
because the metal itself does great 
damage by twisting and expanding with 
the heat. Armoured concrete is the 
only desirable fire-proof construction, as 
the concrete securely insulates the metal, 
and prevents the heat affecting it. 

A great feature in the numerous 
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engineering and architectural works 
built on the armoured concrete system 
may be seen in the beautiful designs of 
bridges and buildings of various kinds, 
showing how easily this class of work 
lends itself to decorative effects. 

Having now dealt with the great 
advantages of the system, it is necessary 
to discuss and to refute the objec- 
tions most commonly raised against it, 
especially by engineers who understand 
ordinary concrete, but have not had 
experience in armoured concrete work. 
Firstly, it has been contended that the 
adhesion of iron and concrete, on which 
the whole of the theory of the system is 
based, is destroyed in case of great 
changes in temperature. Owing to the 
high coefficient of expansion of iron, the 
rods embedded in the concrete would 
become disunited, thus causing the 
failure of the structure. This objection 
appeared very plausible, and could only 
be refuted by experiment. Extensive 
fire tests were made by leading engineers 
in 1886 at Breslau and Cologne, with 
the result that armoured concrete struc- 
tures may be considered to be absolutely 
fire-proof. 

M. Bonniceau, a French engineer, 
has carefully studied the question of 
expansion of various building materials: 
granite, marble, concrete, sandstone, 
etc., and has published in the ‘“‘ Annales 
des ponts et chaussées”’ the coefficients 
of expansion for these materials, being 
the result of long scientific tests. Accord- 
ing to this publication, the coefficient of 
expansion of Portland cement concrete 
varies from O,0000137 to O,o000148 for 
1°Celsius. The coefficient of expansion 
of iron is O,oo00145, or in other words 
the coefficients of expansion of iron 
and of cement concrete are practically 
identical. Thus it has been proved 
by theory as well as by practical trial 
that the changes in temperature do 
not affect the adhesion between iron 
and concrete. 
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Another objection raised against this 
system was the alleged inability to 
resist continuous vibration and impact 
from heavy concussions. ‘This has been 
refuted by experience, which has shown 
that armoured concrete ceilings carry- 
ing high-speed engines for upwards of 
twenty years remained intact and in 
good condition. Railway bridges are 
constructed in armoured concrete with 
excellent results, notwithstanding the 
vibration these structures are subjected 
to by moving loads. Most interesting 
experiments were made in 1808 at 
Vienna by the military authorities with 
an arch of 43 ft. span and thickness at 
the crown of 8 in. (see) Bigwes)a 
set of Ecrosite cartridges sufficient to 
destroy a solid stone arch of the same 
span and of 3 ft. thickness at the 
crown, was. put across the arch, 
the explosion causing only a partial 
injury, the rest of the arch remaining 


intact. In the moment of explosion 
the crown of the arch showed a deflec- 
tion of about 8 in., but returned 
immediately to its normal position, 
thus demonstrating the enormous 
elasticity of the material. It required 


a double set of cartridges, sufficient to 
destroy a similar stone arch of 6 ft. 
thickness at the crown, to break the 
arch; but nevertheless the portion that 
had been subjected to the first explo- 
sion still retained its original form (see 
Hig. 6). 

Further, it has been alleged that it is 
impossible to form a correct theory on 
the combined value of iron and concrete. 
To refute this we will give a short 
explanation showing how carefully the 
present theory has been worked out. 
In order to obtain correct results, 
sufficient attention must be bestowed 
on the relations of the coefficients 
of elasticity of the two component 
materials. This proportion to be a. 
To calculate the stresses generated in 
a given section by the influence of 
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the Moment M, we have to multiply 
the sectional area of the iron with a, 
and for the increased sectional area 
thus obtained, we have to locate the 
position of the centre of gravity and 
the Moment of Inertia. According to 
Navier’s theory of deflection we have 
then: 

Maximum stress for the concrete at 
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taining this, and after numerous experi- 
ments, it has been found that for the 
mixtures of cement and sand generally 
used for armoured concrete and for 
average Stresses, the coefficient of elasti- 
city can be assumed to be 200 tons 
per square centimetre or 1,250 tons 
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FIG. 4.—ARMOURED CONCRETE COVERED WAY, VIENNA METROPOLITAN RAILWAY; SPAN = 38 FT. 


a distance y from the neutral axis 
pyecanv 


y= and for the iron: cy =a. T 
The coefficient of elasticity for iron 
is 2,000 tons per square centimetre, 
Dfmr2,500 tons per ‘sq. in. The co- 
efficient of elasticity of concrete cannot 
be given so accurately, as it depends 
upon the proportions of sand and cement, 
upon its setting, and moreover this co- 
efficient varies a little with the stresses, 
so that it decreases when the stress 
per unit is increasing. Considerable 
difficulty has been experienced in ascer- 


factor does not materially influence the 
result of the calculations, so that it does 
not make a great difference if it is not 
quite accurate. 

The calculation of the iron rods is 
made under the assumption that the 
concrete does not possess any tensile 
strength, and that the iron has to take up 
all the tensile stresses. On the other 
hand, the tensile stresses which in reality 
exist in the concrete must not exceed its 
limits of elasticity in order to avoid 
cracks. Experience has shown that 
breaking strain of concrete mixed in the 
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proportions used for armoured structures 
varies from 200 to 300 kilogrammes per 
square centimetre, or from 2,750 to 
ATo0s!tD.e pet sq. in. ° Thus the safe 
load of such concrete can be safely 
assumed at 30 kilogrammes per square 
centimetre, or 410 lb. per sq. in. The 
safe load may be increased even to 
Boomb. peresq. in. when the exact 
value of the maximum stresses can be 
calculated to a nicety, and when the 
structure is not exposed to vibrations 
caused by moving loads. 

Experiments made with a view to 
ascertain the tensile strength of concrete 
showed that it is much higher than it is 
generally believed, varying from 410 
tom0o0 1b: per.sq. in. This refers to 
armoured concrete only, not to ordinary 
concrete. It is a fact still awaiting 
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explanation that the combination of 
iron and concrete has such a favourable 
influence on the tensile strength of the 
concrete, but nevertheless such is the 
case. 

Summing up the result of these 
experiments, we see that the safe loads 
for armoured concrete are as follows :— 
Compression 

in concrete=4Io to 550 lb. per sq. in. 
Tension in 

concrete= 410 to 500 lb. per sq. in. 
Tron rods= 6*5.to 7-0 tons per sq. in. 

The relation between the coefficients 
of elasticity of the two component 
materials a=10. On this base the 
static calculations for our structures 
are made, and the practical results 
obtained have demonstrated the truth 
of the theory. 
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MISCELLANEOUS ARTICLES ON RAILWAY AND 
TRAMWAY ENGINEERING. 


RAILWAY CARRIAGE LIGHTING BY 
ACETYLENE GAS. 

HE extraordinary illuminating 
power of acetylene as compared 
with coal-gas naturally led to 

endeavours to adapt its uses to the light- 
ing of railway carriages. We believe it 
was the Acetylene Illuminating Com- 
pany who in the United Kingdom first 
made experiments in this direction 
in the year 1895, shortly after the 
introduction of carbide of calcium 
manufactured on a commercial scale 
in electric furnaces erected by that 
company. 

In 1896 experiments were made with 
undiluted acetylene compressed in 
cylinders on the London and North 
Western Railway, a composite coach 
being lighted by it with magnificent 
effect; two one-foot burners being 
employed in the compartments, and one 
half-foot burner in the lavatories. 

Mr. F. G. Worth, the managing 
director of the Acetylene Iluminating 
Company, having ascertained that pure 
acetylene when compressed under two 
atmospheres would explode if a pipe 
connected to the receiver were heated 
to the temperature necessary for the 
decomposition of acetylene, these ex- 
periments were at once discontinued. 
Whilst they were going on, Mr.C. A. 
Park, of the London and North Western 
Kailway, made some experiments with 
admixtures of compressed oil-gas and 
acetylene, which gave very satisfactory 
1esults. But these were also discon- 
tinued, because an Order in Council was 


issued bringing compressed acetylene, 
either alone or mixed with other gases, 
under the Explosives Act, unless 
it could be shown to the satisfaction 
of the Secretary of State that such 
gases could be so compressed without 
danger. 

Experiments were also carried out by 
Mr. J. A. F. Aspinall for the Lancashire 
and Yorkshire Railway Company, par- 
ticulars of which were given by Mr. 
Henry Fowler in a paper read by him 
before the Institution of Civil Engineers 
on March 15th, 1808. 

A most thorough investigation of the 
dangers alleged to exist in connection 
with the use of acetylene was made by 
Mr. H. Gerdes, the chief engineer to 
Messrs. Pintsch, of Berlin, and_ his 
results were communicated to the Berlin 
Institute of Mechanical Engineers on 
December Ist, 1896, with the result that 
it was proved that the employment of a 
mixture of 30 per cent. acetylene and 
70 per cent. oil-gas for railway carriage 
lighting involves no danger whatever, 
because the increase of temperature will 
never be sufficient to burst the receiver. 
The investigations of Mr. Gerdes and 
the practical experiments in this respect, 
which were in particular carried out in 
the presence of Director Borck, of the 
State Railway Management of Berlin, 
led to the adoption of the admixture of 
compressed acetylene and oil-gas for 


lighting railway carriages on the 
Prussian railways, and we__ believe 
that from 6,000 to g,ooo tons of 


carbide are annually employed for 
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generating acetylene for the purpose 
of such admixture. 

In the latter part of 1897, an applica- 
tion was lodged at the Home Office by 
Mr. F. G. Worth to sanction such a 
mixture in England under the ordinary 
railway carriage cylinder pressure of 
1o atmospheres. The safety of the 


mixture, and of mixtures considerably. 


richer in acetylene, was completely 
established by a series of tests carried 
out by Mr. Worth in the presence of 
the Home Office officials, and in con- 
sequence, by an order of the Secretary 
of State dated March 28th, 1898, a 
mixture of oil-gas with 20 per cent. 
of acetylene is allowed to be used at a 
pressure not exceeding 150 lb. to the 
square inch. 

Experiments were subsequently carried 
out by the Acetylene I]uminating Com- 
pany for one of the railway companies 
in the neighbourhood of London, which 
were extremely satisfactory. Practically 
little or no progress, however, has been 
made with this form of hghting in the 
United Kingdom, the various railway 
companies probably considering that 
there was not sufficient economical 
advantage to justify a modification of 
the systems actually employed. But it 
would seem probable that these views 
may be changed, especially if there be 
a reduction in the price of carbide. 

With carbide of calcium at from £21 
to £22 per ton delivered, acetylene will 
cost about £1 16s.to £2 per I,oco in 
the holder, and taking 200 cubic feet 
as being mixed with 800 cubic feet of oil- 
gas, the cost of the acetylene will be, 
say, 7s. 8d. The compressed oil-gas costs 
from 6s. to 12s. per 1,000. With. oil- 
gas at 8s. per 1,000, 800 cubic feet will 
cost 6s. 5d., so that the total cost of 
1,000 cubic feet of the enriched gas will 
be 14s. td. But as the illuminating 
volume of the mixture is double that of 
the plain oil-gas, there is an economy of 
Is. 11d. per 1,000. As the oil-gas is 
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dearer, the saving will be greater, and 
vice versa, so that with cheap oil-gas the 
addition of acetylene would not pay at 
the above price of carbide. With oil- 
gas at 6s. 6d. per 1,000, and carbide at 
the above price, there is practically no 
difference, but the advantages accruing 
from the use of acetylene would make 
the mixture more desirable than the 
plain gas. 

Amongst the advantages are these: 
That the cylinders would last for double 
the length of time they would with the 
oil-gas with the same charge, and there 
would not be so much formation of 
liquid hydrocarbons due to compression 
with consequent revaporising when the 
pressure is reduced, thus causing the 
inequality in the illuminating power. 

The value of oil-gas and the mix- 
ture of oil-gas with acetylene have 
been determined photometrically in an 
ordinary railway carriage lamp at angles 
below the horizontal, and show that the 
addition of 20 per cent. of acetylene 
doubles the illuminating value of the oil- 
gas. Whether pure acetylene com- 
pressed will ever be authorised in this 
country remains to be seen, but we are 
informed that it has been decided in 
America to equip several entire trains 
with the lght produced from pure 
acetylene compressed in cylinders at 
150 lb. These cylinders and the high 
pressure pipes are constructed in such 
a way that in case of a car catching 
fire the seams fuse at 260° (Cy "amg 
the pressure is relieved long before 
the detonating point of the gas is 
reached. The lamps are especially 
made to take their air supply from with- 
out, and to get rid of the hot products 
of combustion without heating the gas 
supplied. With the exception of 
Germany, however, few railway com- 
panies abroad have adopted on a large 
scale the use of acetylene, preferring 
doubtless to wait until many of the 
troubles connected with the smoking of 
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the flame have been overcome. It may 
fairly be said, however, that none of 
these troubles now exist, and_ that 
the purification of acetylene is more 
thoroughly understood, so that we may 
look for a fresh movement in this direc- 
tion, especially with a reduction in the 
price of carbide. 

If the danger of compression of un- 
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without acetone. We believe that they 
have demonstrated that acetylene so 
compressed is not explosible; but the 
company have not yet carried their 
experiments far enough to be able to 
form an opinion as to whether there 
would be any economic advantages to 
the railway companies in this form of 
lighting. 


FIG. I.—VIEW OF THE LANGEN MONORAIL RAILWAY SUSPENDED OVER THE RIVER WUPPER. 


diluted acetylene is successfully got 
over, there would be a wide field for 
it, as a cylinder of acetylene would last 
three times as long as one of oil-gas, 
and give a far better illumination. 

Many attempts have been made to fit 
railway carriages with small automatic 
generators, and experiments are still 
being pushed in this direction; but the 
trouble of frequent cleaning and _ re- 
charging makes it doubtful whether 
such a system will prove successful as 
against the simple method of compress- 
ing acetylene in cylinders. 

We understand that the Acetylene 
Illuminating Company are carrying out 
experiments with compressed acetylene 
dissolved in various materials saturated 
with acetone, and in various materials 


THE LANGEN MONORAIL. 

N other parts of this number the pro- 
posed express monorail electric rail- 
way to be constructed between 

Manchester and Liverpool, and Caillet’s 
Monorail—one the most ambitious, and 
the other the most modest of monorail 
schemes—are dealt with. Here we 
propose giving a few particulars and 
illustrations of another novel single-rail 
railway. 

In our illustration (Fig. 1) we show 

a section of the Barmen-Elberfeld Rail- 
way suspended over the River Wupper. 
This novel railway is the invention of 
the late Herr Eugen Langen, and is 
a little over nine miles in length, 
divided into twenty stations. In his, 
the original experiments, Herr Langen 
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FIG. 2.—SHOWING FORMS OF SUPPORT ON THE BARMEN-ELBERFELD RAILWAY. 


used a suspended carriage on the two- 
rail system, with which he secured a 
speed of only 74 miles an hour. In his 
next attempt, in which he used a single 
rail, a speed of 154 miles an hour was 
obtained. The line runs partly over 
the River Wupper, as shown in our 
illustration, and partly over streets and 
roads (see Fig. 2). As will be seen 
from our illustrations, the railway has 
up and down lines, which are supported 
by inclined posts over the river, and 
curved posts over the high roads. 


The carriages, each of which is capa- 
ble of carrying 50 passengers, are sus- 
pended from two-wheel trucks, two 
trucks to each car, running on the T 
rails, and the form of suspending arm 
is said to be such as to prevent derail- 
ment. Between the two axles on each 
truck is a 36 h.-p. 500-volt electric 
motor, current being taken from a con- 
tact rail by a slip shoe. An electric 
brake and a pneumatic Westinghouse 
brake, as well as hand brakes, are pro- 
vided, and it is said that a speed of 


FIG 3,—INTERIOR OF CAR—BARMEN-ELBERFELD RAILWAY. 
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25 miles an hour can now be easily 
attained. The view of the interior of 
a car (Fig. 3) shows the comfortable 
passenger accommodation. Fig. 4 shows 
a section of a short line exhibited at the 
Paris Exhibition. 

One of the greatest objections to this 
form of railway is said to be that in 
negotiating curves the carriages swing 
outwards to a very uncomfortable ex- 
tent. This swinging in pendulum fashion 
is said to take place on some of the 
curves on the Barmen-Elberfeld line to 
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types of cars of 28 years agoand to-day. 
The first of the illustrations shows a 
car built in 1873 for the Market Street 
Line in Philadelphia; the second one 
represents a style of car, of which many 
hundreds have been built, and are 
building for the Union Traction Co. of 
the same city. Both types of cars come 
from the workshops of the Brill Com- 
pany. Those familiar with American 
tramway history will recognize the fact 
that the latter company is not only the 
successor and present owner of the old 


FIG. 4.—LANGEN MONORAIL AND STATION EXHIBITED AT THE PARIS EXHIBITION, IgoOo. 


an angle of 25 degrees from the vertical. 
This railway can only be regarded as 
an interesting curlosity by engineers, 
and it is possible that it is the first 
and last of its kind to be built. 


° ad ° 


THE DEVELOPMENT OF TRAMWAY 
CARS, 


N view of the rapid introduction of 
tramways into this country, it is in- 
teresting to study the progress which 

has been madein America during the last 
28 years in the development of tramway 
cars. The two illustrations which ac- 
company this paper represent American 


Market Street Line, but practically 
controls all the tramway lines in the 
city of Philadelphia. 

Twenty-eight years ago horses and 
mules were the sole propelling power 
for tramway cars the world over, if we 
except a half-a-dozen so-called “dummy 
lies: Meee tieusiiteteotdtese § lhese 
dummy lines were so few in number 
and so exceptional in every respect, that 
they hardly need be considered. 

The load of the car and its weight 
were therefore limited by the strength 
of a pair of the average animals avail- 
able. In those days the 3-horse team. 
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FIG. I.—THE STANDARD AMERICAN CAR 28 YEARS AGO. 


with the animals abreast was unusual in 
America, and the “‘ tow horse”’ attached 
to an eye in the crown piece was the 
only means for overcoming sharp grades. 
The comparatively small power avail- 
able made it always necessary to keep the 
weight of the car down below 5,000 Ib., 
the Market Street cars weighing about 
4,700 lb., although some of the lightest 
tramcars did not exceed 4,100 Ib. 
They were nominally 16 ft. long in 
the body, and had a seating capacity not 
usually exceeding 22 persons. Every 


‘ WN 3 
GENE 


e ee 
Ewe Times. 


item in construction was as light as 
possible, The roof was of the pattern 
known in the shops as the ‘“ bird cage,” 
but spoken of in a more dignified way 
as the ‘“‘ Bombay Roof,” the ventilator 
extending only a portion of the length. 
The ventilator was practically set down 
upon the curved car-lines of the roof 
whichran throughit. The Market Street 
order in ’73 was for a single sample car, 
but an order for 50 of the same type 
followed shortly after. This sample car, 
shown in the engraving, was handsomely 


FIG. 2.—THE MODERN AMERICAN CAR. 
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decorated inside and out. It is curious 
to remember that the oil painting decorat- 
ing the outside panels represented an 
attack by Indians upon a lever hand 
car on one of the Pacific railroads, an 
incident which had happened within a 
year. The roof itself has completely 
changed its form, and the monitor deck 
now extends the whole length of the car 
body. This improvement was intro- 
duced by the predecessors of the J. G. 
Brill Co. They made the monitor high 
and wide, frequently decorating the 
glass in its sides. This increase in size 
has added materially to the comfort of 
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outside by a special form of lock and key ; 
the sashes are, however, interchange- 
able, so that there is no delay or dif- 
ficulty in taking them out of storage 
and putting them on the car, as in warm 
weather they are removed soas to make 
the car completely open. The seats are 
of spring cane with reversible backs, 
and seat 40 persons in all. The shape 
of the side differs somewhat from the old 
horse-car style, and instead of depending 
solely upon panels, ribs, and posts for 
strength, a truss plank is introduced 
which is screwed upon every post. In 
addition to this there is an outside truss 


FIG. 3.—THE LATEST TYPE OF TRUCK, IN USE BY THE UNION TRACTION CO. OF AMERICA. 


the car both summer and winter, and 
providing much better ventilation than 
formerly. It has the additional advan- 
tage of greatly strengthening the roof, 
making it better able to support the 
trolley pole. 

Contrasting the car with those the 
Union Traction Co. is purchasing 
to-day, we find that the new cars have 
28 ft. bodies as against 16; ten windows 
on asideinstead of eight. The width, too, 
is increased ; then the car was 6 ft. wide 
ac the sills, and now it is 7 ft. 8iin. In 
the horse-cars all windows dropped ; 
in the new cars a decided innovation 
has been made, and the windows are 
stationary and locked in place from the 


rod going from bolster to bolster, as 
well as a low truss rod inside of the car. 
The seats and posts are so spaced as 
to bring each seat between two posts. 
Although not shown in the engraving, 
these cars are provided with portable 
vestibules, and the brake handle and 
shaft comes far enough inside so as to 
permit its easy operation. While these 
cars are mounted upon double trucks of 
the 27-G type, they have their sills 
within 30-44 in. of the rail, making the 
distance to the step 15-% in.; the step 
itself has a 13 in. riser, and the plat- 
form is 8 in. below the floor of the car. 
All the platform openings are closed by 
Brill folding gates. The illumination is 
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in marked contrast with that of the 
horse-cars, which at most had three dim 
kerosene lights, one at each end, anda 
larger one occasionally with a double 
burner in the centre of the ventilator 
deck. The new cars are wired for ten 
lights, three 3-light clusters and one 
light under each hood; when in opera- 
tion the rear light only burns. The 
hand-pole for supporting the hand-straps 
ins:'de of the old-style car is retained, 
but the brackets are increased in length, 
so as to bring them out towards the 
aisle. ‘This is for the purpose of keeping 
those who stand well away from _ pas- 
sengers who are seated. In these cars 
there is a notable effort to give the 
greatest possible seating capacity, even 
at the expense of some standing room. 
The propelling power is not far from 
160 h.-p. The speed in Philadelphia is 
certainly three times as great as it was 
28 years ago, and, in the suburbs, 20 
miles an hour, or even 25, is not unheard 
of; the old horse-cars rarely exceeded 
five. 

The change in taste relative to the 
decoration of street cars has been very 
marked in the last 28 years. Scroll 
work on the exterior is rarely seen; the 
paintings which often decorated interior 
panels have disappeared entirely. The 
form of the roof has changed, and the 
advertising panel occupies most of the 
space formerly used for decoration. 
Three-ply veneer is now universally used 
for head linings, and in the new Union 
Traction Co cars it is finished in 
natural colours with a few lines of strip- 
ing to relieve the plainness of the wood. 
The ‘ car-line finish,” as it was called 
(in which the car-lines themselves show, 
and the roof boards finished in natural 
colours, usually with a combination of 
light and dark woods), has disappeared 
except in the most common styles of 
car. Colours outside have not been 
materially changed; white, cream colour, 
and the lighter yellows have been found 
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to stand better than any others, and as 
they give better protection to the wood 
than darker colours, they have been very 
generally retained. Perhaps the most 
marked change of all is seen in the 
running gear; the horse-car with its 
small weight, short length, and slow pace 
was mounted upon four wheels, whose 
2% in. axles seem like wires compared 
with those at present used. The springs, 
usually eight in number, carried the car 
body in the simplest manner: it prac- 
tically floated on the springs, and was 
capable of a limited amount of motion 
in all directions. It was a very easy 
form of running gear. 

When the street car became self- 
propelled, a new principle had to be 
developed before it was possible to make 
the electric car a success. Former 
experiments with steam on the street 
railways had given little general infor- 
mation on this point, since most of them 
had been devoted to the development of 
a dummy hauling the ordinary street 
car asatrailer. The fathers of electric 
railway propulsion first sought success 
by putting the motors on the platforms 
of horse-cars. This, of course, caught 
the commercial eye; to hang the pro- 
pelling power on the platform or on the 
body of the horse-car so as tochange from 
one style of propulsion to the other, with 
no expense beyond that required for 
the electric apparatus, was a good idea, 
but impracticable. It was tried by all 
the early electricians and by all of the 
roads that first attempted the instal- 
lation of electricity. Its failure was 
sudden and complete. Just before the 
introduction of electricity, the J]. G. 
Brill Co. had been experimenting with 
a self-propelled steam-car for street 
railways. In these experiments they 
found that it was necessary to go back 
to the locomotive principle, and provide 
a substantial frame to carry the 
machinery ; they also found it necessary, 
both for mechanical reasons and _ for 
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questions of economy and repairs, to 
make the car body and the locomotive 
two different structures. Long before 
the electric men had dreamed that they 
could not apply electricity directly to 
the old horse-car bodies, the Brill Co. 
were preaching both in season and 
out the necessity of the independent 
frame and running gear which was 
afterwards known as the truck. The 
expense, prejudice, and the hope of a 
cheaper solution of the problem for 
about three years prevented this change 
from obtaining any hold among street 
railway men. As time went on nearly 
every electrical engineer who was ex- 
perimenting in electric street railway 
propulsion, after his first failures with 
motors on the car body or platform, 
came to the Brill Co. for some form 
of separate truck. The truck which 
the Union Traction Co. have finally 
adopted as giving them generally the 
best results with four motors per car is 
what is known as the No. 27-G, a metal 
frame, equalized, swing-beam truck with 
a short wheel base and three sets of 
springs for carrying the load. 

Instead, therefore, of four light wheels 
beneath the short body, the modern car 
used by the Union Traction Co. has 
eight wheels disposed in two trucks, 
each of which, when complete, weighs 
nearly as much as the old horse-car. 
By reason of the easy motion which they 
impart, and the freedom with which they 
move from side to side with small irre- 
gularities of the track without impart- 
ing such motions to the car body, they 
are extremely easy on the flanges, and the 
wear and breakage is consequently very 
small. The equalization isso perfect that 
the load on each wheel is practically con- 
stant under all conditions. The com- 
bination of these two features renders the 
truck the safest of any in use, and high 
speedscan be maintained on tracks other- 
wise impracticable. For the past two 
years the Union Traction Co. have had 


ey 
in operation several hundred ‘“‘ Eureka” 
maximum traction trucks under the 
old four-wheel electric cars, which they 
cut in half and spliced them, making the 
bodies two windows longer. This truck 
fits the peculiar conditions of narrow 
bodies on short curves, and is the only 
type of truck that meets the require- 
ments of one motor per truck on narrow 
bodies. It has at the same time the 
advantage of 30 per cent. increased 
adhesion on the driving wheels, while it 
does not increase the height above that 
of a four-wheel car. 

It must be said in favour of the old- 
fashioned car bodies that they were 
built like carriages rather than like 
steam cars, and their endurance was 
something phenomenal. Often after 10, 
15, or even 20 years of service as horse 
cars, they were mounted upon electric 
trucks, and saw 6, 8, or even Io years of 
severe electric service before being finally 
discontinued. 

The question is often asked why not 
go a step further and put on 30 or 36 ft. 
bodies, and make a_ proportionately 
greater gain in the number of passengers 
which one equipment and two men can 
handle? The reason why 28 ft. may be 
looked upon at the present time as the 
maximum length, and why longer cars 
are not practical, is found in the nature 
of the service. One conductor cannot 
attend successfully to a greater number 
of passengers than a 28 ft. body will 
hold. If there are frequent stops he has 
to depend on people standing on the 
rear platform to tell him when the pas- 
senger is safely on or off, because he 
cannot traverse the whole length of the 
car to see every one that gets on or off 


and properly collect his fares. This 
increases the danger of accidents. High 


speed is essential to the success of the 
electric road, and as speed is cut down 
the profits diminish. Where a man has 
avery large car and avoids accidents, 
he must of necessity take more time than 
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would be otherwise necessary in seeing 
his passengers on and off. ‘This increase 
in the time slows the car and reduces the 
profit. Cars of 32 ft. bodies on several 
of the Jersey roads are obliged to loaf on 
many trips in order to give the conductor 
time enough to get all the fares, and the 
numbers missed at such time shows con- 
clusively that the car has exceeded the 
profitable length. When stops are made 
at every street corner, the 28 ft. body 
is quite as long as will be found 
economical for the street railroads. 
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THE WES CINGHOUSESELEGLRIC 
CONDUIT TRAMWAY. 

HE question of electric conduit 
street tramways is one of great 
interest and importance at the 

present time, seeing that it is the most 
suitable means of providing rapid transit 
over our city streets, and that the 
necessity for some such means of traction 
is daily becoming more and more pro- 
nounced. So far as this country is 
concerned, practically nothing has been 
done beyond the usual talk of various 
municipal bodies. ‘‘ The city will have 
its tramways, and they shall be the best 
of any; the workman shall have his 
‘halfpenny-any-distance’ ride,’ and so 
forth; then the matter is allowed to 
lapse for a certain length of time, and 
the workman ceases to look forward 
to the boon which the grandfatherly 
council promised. The question is, in 
this way, alternately taken up and 
passed aside. It is pleasing to note, 
however, that in the case of electric 
traction, the municipal see-saw is 
gradually getting a more pronounced 
bias in favour of making a start at the 
actual installation of a system, and no 
doubt we shall, all in due course of 
time, see a modern electric conduit 
street tramway in this country. 

Such dilatory methods would be to 
a certain extent justified if the work 
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entailed in tramway construction neces- 
sarily involved entirely new principles 
and methods. Such work is long past 
the purely experimental stage, and is to 
be found in actual successful operation 
in many places. 

Probably no branch of electrical 
engineering can boast a history which 
shows such perseverance as that of the 
electric conduit tramway. Numerous 
expensive failures were the rule for 
many years, but success was eventually 
attained, and several examples of electric 
conduit tramways have now been in 
actual and efficient operation for some 
years past. 

The large number of conduit systems 
tried and proved failures were sufficient 
to show up definitely certain points in 
conduit design which were ‘absolutely 
fatal to success. The principles to be 
avoided are: flexible electric conduit 
conductors, pedestal supports for the 
conductors, less than four inches 
clearance between the lower edge of 
the plough and the conduit floor, 
inaccessibility of insulators, indepen- 
dence of conduit and track-rail structures, 
the use of wood or other perishable 
materials as part of the track or conduit 
construction. Of course the principles 
of general design also evolved to a 
certain extent from the early expert- 
ments, such as the form and strength 
of yokes, slot-rails, shape and material 
of duct, etc. 

As representing modern practice in 
electric conduit tramway construction, 
it will be of interest to consider, as far 
as space will permit, the construction 
of the Westinghouse conduit, in which 
is embodied the outcome of previous 
conduit work. 

The illustrations, Figs. ry 2; andiges 
show clearly the general style of construc- 
tion, and also the principal dimensions. 
It will be seen that the centre slot 
principle has been adopted in the 
Westinghouse conduit, and that the 
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cast-iron yokes are of the “extended” upper face of the yoke, between the slot- 


type, that is, the track-rails are carried rail seats and the track-rail seats, a 
on extensions of the yoke castings. The 


strong lug is cast, to which all rails are 


FIGS. I AND 2.—WESTINGHOUSE ELECTRIC CONDUIT YOKE: TYPE 2E. 
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FIG. 3.—WESTINGHOUSE ELECTRIC CONDUIT. SECTION AT YOKE. 


slot-rails are bolted to the upper jaws’ tied by bars from the rail webs; an 
of the yokes, which are placed 5 ft. additional pair of tie-bars between the 
apart, centre to centre, and the track  slot-rails and track-rails are also fixed 
rails are bolted to the yoke extensions. midway between adjacent yokes. This 
Tie-bars are arranged as shown; on the form of construction has many points to 
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recommend it. The yoke itself will 
resist a lateral pressure applied at the 
rail centres of over 43,000 Ib. before the 
slot-rails yield 4. in. Experience has 
shown that pressures equivalent to 
about 20,000 lb. applied at the rail 
centres often occur in practice. The 
arrangement of metal in the yoke is 
such as to combine the maximum 
strength with the minimum weight. 
By carrying the track-rails on the yoke 
extremities, the most rigid track con- 
struction 1s secured, any settling of the 
ground is followed by the whole track 
work, uniformity of gauge is preserved, 
no undue strains are thrown on either 
track-rails or slot-rails, which are so tied 
together that the stresses occurring are 
distributed and taken up by the rigid 
casting of the yoke itself. The placing 
of the rail joints on the yokes ensures 
the smoothest of running tracks. 
Experience has shown that for electric 
traction the form of yoke independent 
of track-rails, that is, without extensions, 
is altogether unsuitable; some success 
has been gained by using independent 
yokes where the slot rails also form 
one of the track-rails, but this method 
has many disadvantages, such as the 
great width of the slot and the intricate 
and expensive special work at crossings 
and turn-outs. The form and size 
of the conduit below the yokes is 
shown in Fig. 3. It is of concrete, and 
a continuous smooth duct of the section 
shown runs the full length of the 
system. 

The electric conductors are of T- 
section iron rail hung from insulators 
fixed at intervals of every third yoke. 
The insulators are of earthenware, and 
are each fixed in a handhole, so that 
they are easily accessible by lifting a 
small cover. It is essential that con- 
ductors should be suspended from above, 
since it is practically an impossibility to 
keep either pedestal or side bracket 
insulators and supports clean ; accumula- 


Engineering Times, 


tion of mud and moisture are bound to 
earth and short-circuit the mains, and 
the cost of cleaning such supports must 
certainly be very high, since each 
pedestal would have to be cleaned 
frequently, and by hand. Insulators 
above the conductors are the only types 
which have been successful in practice. 
Another important advantage in the use 
of top insulators is that the cleaning 
of the conduit can be efficiently and 
rapidly effected, since the conduit way 
is maintained quite clear through its 
length. The conduit is of the best 
shape for rapid and efficient drainage, 
and its depth is sufficient to allow for a 
few inches accumulation of mud below 
the lower edge of the collecting plough. 
The problem in conduit design is not 
exactly how to prevent mud and water 
entering the duct, but rather to arrange 
matters so that deposits of mud do not 
interfere with the working of the system, 
and that water, even to the extreme 
of floods, may be drained away more 
rapidly than it can enter. The slot- 
rails are provided with drip edges on 
the inner side of the upper flange, so 
that the water is allowed to fall directly 
to the bottom of the duct, passing 
between and away from the conductors 
and insulators. 

This short description will be sufficient 
to show the care which has been exer- 
cised in the design of the Westinghouse 
conduit, and to show that in it the 
excellent reputation of Westinghouse 
engineering work is well sustained. 
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EXPRESS LOCOMOTIVE & TENDER 
FOR THE DUTCH RAILWAm 
COMPANY, 


E illustrate in one of the plates 
{2 eiven with this issue the Stan- 
dard Express Engine in use on 

the above-named important system. A 
large number of engines of this type 


have been constructed during recent 
years by Messrs. Sharp, Stewart & Co., 
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Limited, of Atlas Works, Glasgow, and 
they are employed in working the fast 
and heavy continental mail traffic via 
the Hook of Holland (in connection with 
the Great Eastern Railway Company’s 
Harwich route), and the express service 
between Rotterdam, the Hague and 
Amsterdam. 

The engine is of the usual British 
inside cylinder class, with an ‘‘ Adams” 
bogie (the side play controlled by a 
special arrangement of laminated springs) 
and four wheels coupled. The cylinders 
are placed close together, with the steam 
chest, of triangular form, lying over and 
betweenthem. This arrangement allows 
-room for extra long journals in the 
driving axle. 

The bottom of the fire-box is sloped 
and carried backwards over the hind 
axle, a large fire-grate area being thus 
provided, the nature of the coal used 
making this more than usually necessary. 

The boilers are of steel, with copper 
fire-boxes, and tubes of iron or steel. 

The following are the principal dimen- 
sions :— 


Cylinders. 

TTT eae age a ore 18 in. by 26 in. stroke. 
Boiler. 

MALE LOT acto sac tee cass Anit, G in. (ry ttalong); 

Fire-box. 
MRIS MOTE ITI NY 222.55 o eine ence sb aes wed ett 11 
Tubes (213). 
Per aL ATE COT ata eb tiad s ainctt ong so edie 1? in 
Heating Surface. 
WE OR, ence oss vs arin wean sah'cer ane Ce uees. it 
SO re ee os en ainsrecn ane e stu pos os E1005 7, 
URC EN eer aes reeseceney T2075 

Grate 

SE ME ica cats oa Gcas esaivesvannecs des02 22 sq. ft 
Wheels. 

1 CLO CEM LA Og 3 ft. 3 in. diameter. 

RUMI PLE © canivcynceeess sees 6 ft. 72 in. e 

Wheel-base, fixed ......... g ft. 

” ie ely fete aSeee 22 ft. 93 in. 

Weight. 

ROC ITS OLUGE fo. coi gov. car snvese var adsens 47 tons. 
Tender. 

Carried on six wheels...... Zit. 72 in. diameter, 
Tank. 


1S ite) Bee oe 2,800 gallons. 
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DRUMMOND’S PATENT WATER 
TUBES FOR LOCOMOTIVES. 

N most railways, in this and other 
countries, there is a constant 
tendency towards increase in the 

weight of trains, but the limit imposed 
by the loading-gauge (particularly in this 
country) prevents the necessary corre- 
sponding increase in the dimensions of 
the engines. To meet the constant in- 
crease of the train loads on the London 
and South-Western Railway, and to 
overcome the difficulty regarding the 
maintenance of steam power with heavy 
express engines, Mr. Dugald Drummond 
has designed and patented the arrange- 
ment of cross-water tubes shown in 
Figs. 1, 2 and 3, and fitted on the loco- 
motive illustrated in one of the plates 
herewith. Thirty locomotives thus fitted 
have already been made by Messrs. Dubs 
& Co., of Glasgow, for the South- 
Western Railway. 

As may be seen, these tubes are 
arranged in two nests, extending across 
the inner fire-box, and to promote the 
circulation of water, the one nest is 
inclined in an opposite direction to the 
other—the inclination being at the rate 
of 1 in 11. The nests consist respec- 
tively of 36 and 25 solid drawn steel 
tubes, 23 in. outside diameter and + in. 
thick, expanded into and beaded on the 
fire-box side plates. Doors are provided 
at both ends of each nest, to give easy 
access to the tubes for inspection or 
renewal. Stays, secured to the inspec- 
tion doors by the screwed thimbles and 
running right through the tubes, support 
the sides of the shell. 

The heating surface of the fire-box 
(normal) is 148 sq. ft., and that of 
the water-tubes 165 sq. ft.; the in- 
troduction, therefore, of these tubes 
more than doubles the heating surface 
at its most efficient part, viz., the fire- 
box. The increased circulation of the 
water, where the heat is most intense, 
promotes evaporation, while it prevents 
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formation of scale. The advantages 
claimed are, therefore, ‘‘ Increased eva- 
porative power and economy of fuel con- 
sumption.” The arrangement also acts 
as an almost perfect spark arrester. 
Engines of the class exhibited have 
been employed for nearly three years, 
with perfect freedom from trouble, on 
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Fire-box. 
Lengths. oes cmie> ones one ee ee 6 ft. 98 in. 
Width ©. ..u.05.. 00-0: 0ee iets 3 ft, 62) tag 
Depth at-front..22..32,3 eee 6 ft. 8295 in 
Depth at:back:.2....2.3 eee 6 {t. 25% in: 
Tubes 

In barrel: 

280 01°34 in: /OUtS: yea To ft. 91 in. long 
In fire-box : 


61.01) 24.10..1nS Ja, eee 3 ft. 7 in. long. 


FIG. I.—VIEW SHOWING DRUMMOND’S PATENT WATER TUBES, AS FITTED TO A LONDON AND 
SOUTH-WESTERN RAILWAY PASSENGER LOCOMOTIVE. 


express trains weighing 390 tons, exclu- 
sive of engine, tender, luggage, and 
passengers, and the boilers are capable 
of maintaining a full head of steam with 
such trains. The saving in consump- 
tion of fuel per mile, as compared 
with engines of same class not fitted 
with water tubes, 1s stated to average 
5 lb. 

The principal dimensions of the Lon- 
don and South-Western Railway loco- 
motive, illustrated in one of the plates, 
are as follows :—- 


Cylinders. 


PIAaMEter, hres .g severe 181 in. x 2610 
Wheels. 

REOU POUL gee toe cm ecco ake es rare 6 {t. 7 in 

OSI6 wre cet oe eee Siti gian 

dW sate (.\ cee ee ere Ee mene REL nie arm 4 ft. oin 
Boile 

PAAMOEter At ATOMies. cer. eee, 4 ft. 52 in 


Heating Surfaces. 


Aubes in barrel. .......-<:-.00 eee 1,187 Sd=ie 
Tubés in fire-box ,-....4.2.-4..0-0eee 165 sq. ft. 
Bre: DOX tsncva ccc. 083-55 eco 158 sq. ft. 

Total 1,500 sq. ft. 
Grate ared, 2.s..hstcenaees eee 24 sq. ft. 


Working pressure of boiler, 175 lb. per square 
inch. 


FIRELESS STEAM LOCOMOTIVES, 
RANSPORT still offers a large 


field for constructive 1mprove- 

ments. A remarkable novelty 
are the fireless locomotives for rail- 
roads, a speciality of Messrs. Oren- 
stein and Koppel, Bush Lane House, 
Cannon Street, London, E.C. The 
economical importance of the fireless 
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locomotive consists in FIG, 2.—DIAGRAM SHOWING INCLINATION OF A FRONT NEST OF TUBES, 


the circumstance that 
it does not itself pro- 
duce the high-pressure 
steam by the combus- 
tion of fuel, but draws 
the necessary supply 


é } V 
of steam from astation- Y | 
ary working boiler. —eeee 
. . Uy 4 
Its superiority there- , zy (3 
fore consists in its con- a _\\ 


siderably greater safety 
in working. The loco- 
motive, having no fire 
of its own, cannot emit 
sparks, which conse- 
quently removes the 
risk of ignition. <A 
further advantage of 
this engine is that 
there is no risk what- 
ever of an explosion, 
as the steam supplied >, eo 
to it cannot but de- peor im 
crease in pressure d 
during work. As with 

this engine there is | 
also an absence of 
all smoke, it can 
appropriately be used 
for shunting in enclosed places, work-, there being no firing, the constant 
shops, etc. attention to the boiler—an important 

The engine does not require to be feature with all other engines — is 
manipulated by a skilled engineer, as, unnecessary, and the engine can be 
worked by any ordinary 
workman. 

A number of these 
engines havealready been 
supplied to different 
works on the Continent, 
where they are giving 
ever Vea Sabistactiony 
Messrs. Orenstein and 
Koppel have had an en- 
gine in use at their own 
works in Spandau, near 
Berlin, for over six 
months, and we are, 
through their courtesy, 
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FIG. 3.—SHOWING INCLINATION OF BACK NEST OF TUBES. 


A FIRELESS STEAM LOCOMOTIVE. 
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enabled to give the following data regard- 

ing the cost of working this engine :— 
Cost of engine, £600 Jom eo 
1o per cent. Depreciation ... 60 0 oO 


Coal consumption for furnish- 
ing steam to the engine, 105 


tons at 20s. each ae ven, TGs eI 

Lubricating and cleaning ma- 
terials ... ee oe Sais eae 
Repairs and maintenance 7 10 oO 
137 107-0 

Wages for workman, I man 
3 day=150 days 3s.each ... 22 10 oO 
In all per year eg MRT See <3) 


Or 145. per w pose eee 


Whereas there were previously re- 
quired for shunting 30 men at 3 hours 
= QO,NoUurSs,-On per vyear 2;7o0 days a: 
3s. each— £405, or 27s. per day. 


GOODWIN” 


A TRAIN OF “ CARS, 


This constitutes a decreased expendi- 
ture of 13s. per day, or £195 per annum, 
or a saving of almost 50 per cent. in 
favour of the fireless locomotive. 

It must also be taken into considera- 
tion that this saving steadily increases 
in the course of time, as interest and 
depreciation for the engine are reduced 
from year to year. With one filling 
with steam the fireless shunting loco- 
motive working at Spandau has covered 
a distance of about 12 miles. 

This new type of locomotive is entirely 
different from the fireless locomotive of 
Honigmann, of which formerly so much 
was heard. The latter, as is wel] known, 
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was worked by a solution of soda, whilst 
in the Lamm-franq system used in the 
present case merely over-pressure water 
is used to procure the steam. 

Messrs. Orenstein and Koppel have up 
to now principally built one size of these 
engines, and are so able to give quick 
delivery for same. The dimensions of 
this Standard type built for a gauge of 
4 ft. 84 in. are :— 


Diameter of cylinder ... Phe ks Sin 
Length of stroke wes 2 ot Sg ae 
Diameter of wheel a cade ME Seear, 
Wheel base a one sie Oa ee 
Weight empty ... a ... Iod tons 
Weight in working order 34-s% 
Utmost steam pressure bean 

able space ye Bie: Je One 


Water in boiler, ea. 6,000 ,, 


The tractive force de- 
pends, of course, upon 
the pressure existing and 
the amount of steam 
with which the cylinders 
are being filled. If, for 
instance, an engine of 
above dimensions would 
work with a pressure of 
100 I|b., the cylinders 
being filled with about 
25 per cent, thevtrag. 
tive force would be 
about 3,100 Ib; Wage 
running at a speed of ro miles an 
hour the engine would have a capacity 
of 60 h.-p. 


THE “GOODWIN” CAR, 

N our illustrations we show the 

‘“‘ Goodwin”’ car, now so extensively 
used in America for railroad mak- 
ing, 7.¢., ballasting, filling, road raising. 
Its special features will be readily under- 
stood from the illustrations. The floor 
is an obtuse V, either side of which can 
be opened by one man in a few seconds 
with the aid of compressed air or steam, 
the necessary machinery to utilize which 
is fixed to each car.:* This car isi 
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VIEWS SHOWING THE CONSTRUCTION OF THE **“ GOODWIN CAR; 


enormous labour-saver ; in the old way, 
namely, with the shovel, it takes on an 
average seven men about three-quarters 
of an hour to unload twenty tons, double 
which work can be done ina few seconds 
by one man operating this car. Further, 
it can be discharged on one, either, or 
both sides at the same time, and also 
between the rails on either side; and 
another point is that any of these opera- 
tions can take place with perfect safety 
while the train 1s running at any speed. 
The car, if discharged while running, 
will spread the load from five to thirty 


feet from the track, and the width of the 
‘spread’ can be regulated by the speed 
of the train. 


Sd Sd a4 


BOGIE WAGGONS ON THE FURNESS 
RAILWAY. 

NE of the chief features in connec- 
tion with the goods and mineral 
traffic of the Furness Railway is 

the large number of bogie waggons use 
by the company, some of which are 4o ft. 
long, and whilst only weighing Io tons, are 
capable of carrying 30 and 40 ton loads, 
the ratio being as low as 20 per cent. of 


THE NEW TYPE OF BOGIE ORE WAGGON, FURNESS RAILWAY. 
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30-TON BOGIE WAGGON, 


dead weight to carrying load. Most of 
these waggons are used for carrying rails 
from the various steel works on the 
system. Recently bogie waggons have 
been introduced of pressed steel for 
carrying iron ore, each waggon carrying 
45 tons of ore from the mines and docks 
to the ironworks around Barrow, the 
tare of these waggons being only 12 tons 
15 cwt., so that the tare is 22 per cent. 
of the gross weight. 


= °° . 


A LIGHT INSPECTION CAR FOR 
RAILWAYS. 


NEW departure in the matter 
of railway appliances is found 
in) the. Flartleyeanda | ectere 

Light Inspection Car, which is manu- 


FIG. I. 


“HARTLEY AND TEETER” LIGHT 
INSPECTION CAR. 


Engineering Times. 


"eTO CARRY 30 TONS © 


—_ 


FURNESS RAILWAY. 


factured by the Light Inspection Car 
Co., of Hagerstown, Indiana, U.S.A. 
This car is a cycle-built vehicle, with 
four flange wheels to adapt it to an 
ordinary railway, and it has for some 
time been in use both in America and 
on the Continent, and for the last two 
years on some of the English and Irish 
railways, and also on the Colonial rail- 
ways. It can be easily lifted on and off 
the rails by one person (see Fig. 2), 
and dispenses with the necessity of using 
a locomotive for inspection purposes, 
resulting in a saving of from £3 to £5 
per day in inspection expenses. The 
cost of the new vehicle is about the 
average price of the ordinary road 
cycle; it can be driven at a speed of 
from fifteen to twenty miles an hour, 
and will easily run up a gradient of one 
in twenty. It is adaptable to any gauge, 
affording opportunity for visiting and 
inspecting any portion of the road to 
which attention 1s required. 

These cars have been found useful in 
the traffic department of railways, when 
it becomes necessary to visit stations 
without the usual formality of a train 
notice; they are also used on extensive 
colliery sidings by some of the largest 
colliery companies. 

The car may be propelled by one 
or two sitters, as required, and an ad- 
justable seat can be attached to the 
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FIG. 2.—SHOWING A RAILWAY INSPECTION CAR BEING LIFTED FROM THE RAILS. 


FIG. 3 —ENGINEER INSPECTING LINE—BELFAST AND NORTHERN COUNTIES RAILWAY. 
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front for the inspector (see Fig. 3). It 
can be easily handled, loaded, and car- 
ried in the guard’s van when necessary, 
and its weight does not exceed 75 Ib. 

When using it, a permanent way 
inspector is afforded a much better 
opportunity of examining and reporting 
on the road than is possible from the 
footplate of an engine. It is so con- 
structed that it will pass with safety the 
most complicated points and crossings 
at junctions. . 

The car can also be used with great 
advantage in cases of failure in train 
tablet working, which occurs frequently, 
often dislocating the traffic seriously on 
long sections, and causing great delay 
to passenger trains. When a failure 
occurs, the pilot man can speedily cover 
the distance from point to point, instead 
of having to walk it, which he is now 
often compelled to do. The car can be 
kept in the station-master’s office on 
long sections, so as to be available at 
a moment’s notice. It is approved of 
by some of the leading railway engineers 
in this country, and several contracts 
have been entered into for supplying 
these cars to the Crown Agents for the 
Colonies. They are also used on a num- 
ber of English and Irish railways. The 
sole Bri‘ish agent is Mr. John Milliken; 
of 2, Belfast Bank Chambers, Belfast. 


ad ° ° 


EXHAUST STEAM AND RESTART.” 
ING INJECTORS FOR LOCOMO- 
elIVES, 


ONSIDERING the veryimportant 
© work the injector on a locomotive 
has to do, it does not appear to 
have received the general attention 
which is due to it, and the selection of 
a really good, economical, and reliable 
instrument 1s a matter of the first im- 
portance. As our readers are aware, 
the function of the injector is to feed the 
boiler with water ; and if this cannot be 
accomplished, the best and most powerful 
locomotive is useless. 


Engineering Times. 


In the earlier days of the locomotive 
the boiler was fed by pumps, which 
worked when the engine was at work, 
and consequently the boiler could only 
be fed when the engine was running. 
This was not only a very great incon- 
venience, but was also very wasteful, 
and often in the old days the engine had 
to make a short trip specially to put 
water into the boiler. About 1859 
the late Henri Giffard brought out the — 
injector, and patented it in various 
countries ; and one of the first English- 
men who saw the injector was the late 
Mr. Charles Patrick Stewart, of Messrs. 
Sharp, Stewart & Co., Limited, and he 
arranged with Giffard for an injector 
to be sent to his company’s works in 
Manchester to be tested. The test 
proving satisfactory, Messrs. Sharp, 
Stewart & Co. arranged with the in- 
ventor for the manufacture of his injector 
in this country. The first injector was 
fixed on an engine running on the St. 
Helens branch, and the driver soon 
learned how to handle it, so that in two 
or three days he was able to feed his 
boiler solely by means of the injector, 
and to disregard his pumps altogether. 
The success of the injector for feeding 
locomotive boilers was speedily assured, 
and nearly all the locomotive superin- 
tendents in this country applied them to 
their engines. 

When the injector was first introduced 
to the public, it was really considered a 
wonderful invention, and scientific men 
tried to explain its action, but in several 
instances their opinions were at variance. 

For over twenty years after the first 
injector was put on a locomotive, very 
few real improvements were made, 
except perhaps to simplify the con- 
struction. Giffard’s injector was a 
lifting injector, and had both water and 
steam regulation. Other injectors were 
brought out which would not lift, but 
which had to be fixed below the feed- 
water. They were very simple in design, 
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CANVAS SLEEVE 


FIG. I.—GREASE SEPARATOR. FIG. 2.—WING VALVE, 


WING VALVE, 
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FIG. 3.—EXHAUST PORTION. 


EXHAUST STEAM INJECTOR (DAVIES AND METCALFE’S PATENTS). 


but only possessed a limited working 
range, and nothing was done to make 
the injector easier to handle or more 
reliable in its action. 

Although the injector was so success- 
ful on the locomotive, yet it was far 
Hom perfect. For instance, a man 
required some little experience to start 
it, and the steam had to be turned on 
very gently, and often the injector would 
‘‘ miss,” when it bad to be shut off and 
manipulated again. Then, if the injector 
itself got hot by the steam blowing 
through, it became difficult to start, and 
sometimes had to be 
cooled; and again, if the 
injector broke its jet, or 
what is technically 
known as ‘blew-off,’ —=sil 
the valves had to be 
closed, and the instru- 
ment again started. 

With ordinary pas- 
senger trains, stopping 
often, the injector was 
the best boiler feeder 
known about this time, 
because the drivers could 
feed the boiler after 
they shut off steam from the engine, 
and sufficient water would be forced 
into the boiler whilst the engine was 
standing at the station to last for the 
next short run. But when the days 
of express trains and long runs came 


OVERFLOW 


DELIVERY 
FROM 
MAUST PORTION 


up so prominently, it was found that 
the boiler must be fed at the same time 
that the engine was doing its work ; and 
under these circumstances, the feed- 
ing of the boiler invariably meant a 
serious drop of the boiler pressure, and 
a consequent decrease in the power of 
the engine. Railway engineers were 
alive to the important fact, that if hot 
water could be put into the boiler, and 
especially if the water could be heated 
by the exhaust steam, there would be a 
very great economy, and engines fitted 
with pumps would take this hot water ; 
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FIG, 4 —SUPPLEMENTARY PORTION OF EXHAUST INJECTOR. 


but the disadvantage remained, that the 
engine must be “‘ run” before the boiler 
could be fed. On the other hand, the 
injector would not take warm _ feed- 
water, and consequently, if the water 
in the tender got much above normal 


420 


temperature, the injector would not 
work, and this was more marked as the 
boiler pressures increased. 

About 1880 the late Mr. Edward 
Davies, of Llandinam, and Mr. James 
Metcalfe, of Aberystwith, saw very clearly 
what a great advantage it would be if 


FIG. 5.—OUTSIDE VIEW OF SUPPLEMENTARY PORTION 
OF EXHAUST INJECTOR. 


an injector could be made which would 
heat up the feed-water to a high 
temperature by means of the exhaust 
steam. There were many difficulties 
in the way, and the task seemed almost 
impossible ; in fact many engineers had 
tried to do this, but had signally failed. 
The outcome of the many experiments 
which were made was a_ combined 
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injector, one portion being worked by 
exhaust steam, and the other portion by 
boiler steam. This injector took water 
from the tender at normal temperature, 
and by means of exhaust steam heated it 
to a very high temperature, and at the 
same time gave the water an impetus, 
delivering it into the second 
portion of the injector, which 
was worked by the boiler steam, 
and from thence it entered into 
the boiler. Whilst the injector 
was a very great advance on 
anything that had been accom- 
plished before, yet it was not 
automatic in its action, and it 
was not until recently that these 
gentlemen so improved the in- 
jector as to make it perfectly 
automatic, and most suitable 
for modern locomotive practice. 

We think it will be interest- 
ing to our readers to give a few 
particulars of this injector, and 
to show what it is doing. 

First, as to the manner in 
which it is fixed :—A_ branch 
pipe is taken from the bottom of 
the blast pipe, and is led to the 
exhaust portion of the injector, 
and is fixed in any convenient 
position below the foot-plate. 
The blast pipe orifice is in no 
way interfered with, the only 
alteration being about a three- 
inch outlet at the bottom of the 
pipe for the exhaust steam to get 
to the exhaust injector, and con- 
sequently when the injector is 
at work it will be clearly seen 
that back pressure is considerably re- 
duced and that sparks are not emitted 
from the chimney so freely. 

Between the exhaust injector and the 
blast pipe the separator is fixed, which 
purifies the exhaust steam from any 
grease or moisture which may be in it. 
The exhaust injector takes its water 
from the tender in the ordinary manner. 
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The lve steam portion, or supple- 
mentary part, may be fixed at the back 
of the fire-box, and is then generally 
arranged in the form of what is known 
as a combination injector, having a self- 
contained clack-box and live steam 
valve, the delivery pipe of the exhaust 
portion being connected with this injec- 
tor. The above will be readily identified 
by referring to the drawings, Fig. 1 
showing the grease separator, ig. 2 the 
wing valve (placed three or four feet 
away from injector), Fig. 3 the exhaust 
portion, Fig. 4 the supplementary por- 
tion, and Fig. 5 the outside view of 


oot, 
“A f§ = 


1 ae 

qj} 

Mn aed x f 
ye . i ee 


421 


of at least 130° F., whilst the temperature 
of the water entering the boiler (280° F ) 
is so very high, and approaches so nearly 
the temperature of the water in the 
boilers itself that there: is very “little 
contraction and expansion due to feeding 
by this method. In actual tests the 
economy in fuel has been found to be 
from 24 tO 1b. ol coal spersmile run, 
and the economy in water about 
2% gallons per mile run. The latter 
figure is for an injector of ordinary 
size, the larger injectors for the larger 
locomotives showing more. 

These injectors, when applied to a 


FIG. 6. —EXHAUST STEAM INJECTOR (DAVIES AND METCALFE’S PATENTS) SHOWN FIXED ON A LOCOMOTIVE 


supplementary portion. Itis alsoshown 
fixed on a locomotive (Fig. 6). From 
information supplied to us by the 
makers, we can briefly say that the 
following is the result of its working 
on any locomotive carrying a pressure 
fiero ib. of more.~ Ihe water from 
the tender enters the exhaust injector 
at ordinary temperature (which we will 
assume to be 50° F’.), and the exhaust 
steam in the exhaust injector heats this 
water up to 180°—190° F.; this is then 
delivered into the supplementary por- 
tion, and, connected by the live steam, 
it enters the boiler at 280° F. We thus 
get a positive economy in the tempera- 
ture of feed-water in the exhaust injector 


locomotive, enable the boiler to be fed 
constantly whilst the engine is at work 
without any variation or dropping in 
the steam pressure, and it 1s a very great 
boon to have a constant feed in these 
days of high speed and long running. 
Again, when working up a bank with a 
heavy load, this injector can be used, and 
the steam pressure still well maintained. 

Another result of the experiments 
carried out in developing the exhaust in- 
jector was the introduction of the auto- 
matic, re-starting, live steam injector, and 
Messrs. Davies and Metcalfe were not 
only the pioneers of injectors worked with 
exhaust steam, but were also the first to 
bring out the re-starting or self-acting 
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live steam injectors, and the live steam 
injector now made under their patents 
differs from the Giffard injector men- 
tioned above in the fact that it needs no 
delicate handling to start it. Either 
steam or water may be turned on first, 
and the injector will work. Should the 
injector cease working through vibra- 
tion or shock, it will itself instantly 
re-start. These injectors, both exhaust 
and live steam re-starting, are now 
adopted by the leading railway com- 


Ene Times 
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supplied in connection with the electric 
tramways for Birkenhead. These have 
been installed at the sub-station which 
the Corporation have recently erected 
in New Chester Road, adjoining the 
Destructor buildings, and are to supply 
the current for the southern portion of 
the borough. 

The plant consists of two of Messrs. 
Scott and Mountain’s enclosed com- 
pound, central valve, self-lubricating, 
high-speed steam-engines, each of 


HIGH-SPEED STEAM-DYNAMOS AT THE BIRKENHEAD TRAMWAYS POWER STATION, BUILT BY 
MESSRS. ERNEST SCOTT AND MOUNTAIN, NEWCASTLE-ON-TYNE 


panies. The makers are the Patent 
Exhaust Steam Injector Co., Limited, 
of 4, St. Ann’s Square, Manchester, and 
Injector Works, Romiley, who we may 
Say are successors to the injector busi- 
ness of Messrs. Sharp, Stewart & Co. 
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POWER STATION ELECTRIC 
GENERATING SETS. 


E give an illustration representing 
two of Messrs. Ernest Scott and 
Mountain’s enclosed high-speed 

steam -dynamos, which they recently have 


240 1.h.-p., and each having cylinders of 
the following dimensions :— 

Diameter of h.-p. cylinder .. 11} in. 

Diameter of l.-p. cylinderaaabaae 

Stroke:d./3.c8s.aci. eee TO; ye 

Revolutions 360 

Steam pressure, 140 lb., condensing 
with a vacuum of 24 in. 

The engines are each fitted with a 
governor of the throttling type, fitted 
with bye-pass enabling the steam to 
enter the low-pressure cylinder direct in 
the event of a sudden overload being 
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thrown on the engine. There are also 
fitted a steam separator with connecting 
pipes, cocks, as well as indicator gear 
and the usual accessories. The engine 
is erected upon a combination bed-plate 
of cast-iron, which is arranged to take 
the generators, which latter are also of 
Messrs. Scott and Mountain’s make of 
the four-pole type, with slotted drum 
armatures, each giving an output of 
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just completed four similar sets for 
the Darlington Corporation, equal to 
400 h.-p., three sets for Worksop Cor- 
poration, three sets for Worthing Cor- 
poration, and three sets for the Hill 
of Howth Electric Railway in Ireland. 
We hope later on to give notices of 
these plants, which we have no 
doubt will be of interest to all our 
readers. 


WIGAN CORPORATION POWER HOUSE, 


eyopemaiperes, at 550 volts. Thesé 
dynamos, when running as_ shunt 
machines with all adjusting resistance 
of the magnets cut out, will be capable 
of giving an E.M.F. of 600 volts at the 
normal speed. Each is complete with 
two two-shunt breaking switches and 
resistances, two regulating switches and 
resistances, and two diverting series 
switches for adjusting the strength of 
the compounding coils on the machines. 
Messrs. Scott and Mountain have also 


GENERAL ELECTRIC CO.’S 
TRACTION AND LIGHTING SETS. 


HERE have been recently in- 
of stalled for the Wigan Corpora- 
tion an interesting series of 
traction and lighting generators direct 
coupled to Willans’ engines, together 
with auxiliary machines, consisting of 
balancers, boosters, motor-generators, 
ete, Dy the General Electric Co.(1900), 
Limited, Peel Works, Adelphi, Salford. 
The generators are of two sizes, viz., 
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STANDARD BOOSTER SET, BY THE GENERAL ELECTRIC CO. 


two of 210 k.w., and two of 160 k.w. 
capacity. They are of the 6-pole type, 
and have very light field construction, 
the larger sizes especially so. The 
<rmatures are of large diameter, the 
core diameter being about 3% times its 
length. The cores are slotted, having 


six conductors per slot, with 160 slots. 
The General Electric Company claim, 
by suitable design of the proportion of 
the slots and frequency of commutation 
in these machines, that they can get 
sparkless running with fixed position of 
brushes from no load to 30 per cent. 


PART SECTION OF ‘‘ BYNG*-HAWKINS” DYNAMO. 
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overload on traction work, without the 
aid of any auxiliary windings, etc. 

It is interesting to note, that in the 
larger sizes the armatures of the 
-machines are practically as powerful 
as the field magnets, and yet in the 
case of the machines at Wigan, and 
also two absolutely duplicate machines 
recently supplied to the Ilford Urban 
District Council, the 
brushes remain from 
MLO mes Ce eHION Sr. ilt © . + 
front of the neutral 
line, from no _ load 


7 balancing transformers to compensate 
for 100 amperes out of balance in the 
middle wire on lighting. These machines 
are of the single-field, 4-pole type, of a 
specially neat and light construction. 
Also 3 track boosters, having an output 
of 500 amperes at 20 volts. These 
boosters are motor driven, and are also 
of the 4-poie type. They are provided 
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can, of course, be cut 
out by means of the 
switch provided,when 
the machines are to 
be run on lighting. 
From the part section 
given, it will be seen 
that the armature is 
well ventilated. This 
is proved by the tem- 
perature of the ma- 
chines taken after six 
hours run at full 
load, and a seventh 
hour at 25 per cent. 
overload, the highest 
temperature being on 
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the armature core, 
which rose 45  Fahr. above the 
atmosphere. 


From the efficiency curve given, it 
will be seen that the combined eff- 
ciency of the 210 k.w. sizes is 82°96 per 
cent., this being taken during the first 
run at the engine makers’ works. 

The machines having given general 
satisfaction, the General Electric Com- 
pany have recently received a repeat 
order for two 210 k.w. machines direct 
coupled to Willans’ engines. 

The auxiliary machines consist of 
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with a special switch of the Company’s 
design for cutting them out of circuit 
whilst running. Two motor generators, 
having an output of 100 amperes, 100 
volts, are provided for cell boosting. 
The above Company have also sup- 
plied many boosters and_ balancers, 
sunilar to the one shown in the illustra- 
tion, for the British Electric Traction 
Company’s power stations at Kidder- 
minster, Merthyr, Stoke, etc., the last- 
mentioned being a single-field machine 
with a third brush arrangement on the 
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STOKE TRAMWAYS MOTOR-GENERATOR, 


500 volt commutator, by means of which MATHER AND PLATT’S 
the machine can be started up as a GENERATING SETS FOR TRACTION 


series machine from the third brush; WORK, 

and when full speed is attained, the GOOD example of the modern 
field, which is excited at 110 volts, can type of combined engine and 
be thrown over on to the low tension dynamo for electric - power 
side. station work is afforded in the case 


ANOTHER VIEW OF THE STOKE TRAMWAYS MOTOR-GENERATOR. 


of the Blackpool and 
Fleetwood Tramway. 
The engine house at 
the present time con- 
tains five sets of 
generating plant, and 
a general view of 
these sets, as well as 
of the switchboard 
and three boosters, is 
given in the illustra- 
tions, Figs. 2 and 3. 
The maketsS “are 
Messrs. Mather and 
Platt, of Manchester. 

The engines are of 
the open vertical 
marine type (Figs. 
2 and 3), mounted on 
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cast-iron bed-plates of box section. At 
the back are cast-iron standards for 
carrying the cylinders, which are further 
supported in front by polished steel 
columns. The engines are double- 
acting compound condensing, the cylin- 
ders being respectively 12 in. and 24 in. 
in diameter, while the stroke is 16 in.; 
the speed is 165 revolutions per minute, 
and at this speed, with a steam pressure 
of 120 lb. per square inch, the engines 
will each indicate 200 h.-p. The pistons 
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The yoke ring and magnet poles are 
cast in one of steel of high magnetic 
permeability ; the ring is in two parts, 
so that the upper half can be readily 
lifted off; the magnets are shunt wound. 
The armatures are of the drum type, 
the specially insulated conductors being 
completely embedded in the slotted core. 
The dynamos are built for an output of 
120 kilowatts at 505 volts, and have an 
efficiency of 93 per cent.; they run very 
cool, the risein temperature when working 


FIG. I.—AN 800 H.-P. ELECTRIC GENERATING SET, BY MESSRS. MATHER AND PLATT, MANCHESTER 


are provided with Mather and Platt rings 
packed with metallic packing ; the cross- 
heads move in special guides bolted to 
the cast-iron standards; the double- 
webbed cranks are forged solid with the 
shaft at 180 degrees from each other. 
The steam distribution is effected by 
double slide-valves, and controlled by 
a Pickering throttle governor, while 
hand regulation is provided for the 
exparsion gear. 

The dynamos are of Mather and 
Platt’s usual <ix-pole type, mounted on 
an extens.on of the engine bed-plate. 


continuously on full load not exceeding 
25 C. in any part of the machine. 

The boosters are four-pole motor- 
generators, mechanically coupled and 
mounted on a common bed-plate, the 
construction of both the motor and 
generator side being similar to the 
generators already described above. 
The motor side is connected to the bus 
bars through suitable switches, while 
the generator side can be connected to 
any teeder. 

The further illustration (Fig. 1) 1s of 
a similar set of engine and dynamo, but 
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of larger size, to which the above 
description would apply with the follow- 
ing alterations. The engine is triple 
expansion, the cylinders being respec- 
tively 17% in., 282 in., and 45% in. in 
diameter, with a stroke of 21 in., and 
running at 110 revolutions per minute. 
At this speed, and with a pressure of 
200 |b. of steam, the engine will easily 
indicate 800 h.-p. The steam distribu- 
tion in this case is effected by means of 
piston valves to all three cylinders, the 
regulation being effected by means of a 
governor acting directly on the throttle- 
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Co., Limited, to drive the cables opera- 
ting the cars in use in that city. It is 
of the makers’ superposed compound 
type, having the high-pressure cylinder 
fixed above the low-pressure. These 
are respectively 20 in. and 36 in. dia- 
meter, both arranged for a stroke of 
4 ft. For the purpose of this installa- 
tion, the speed is 55 revolutions per 
minute, and the boiler pressure being 
75 |b., the indicated h.-p. under these 
conditions developed by each engine 
is 375. The high-pressure cylinder is 
fitted with piston valves, the governor 


375 H.-P. SUPERPOSED COMPOUND ENGINE. 


valve. The dynamos have twelve poles 
in this case, and are constructed for a 
normal output of 400 kilowatts, though 
they not infrequently give a maximum 
of 500 kilowatts. 

Limwile be Of interest to. note that 
these larger sets run for periods of 
from sixteen to eighteen weeks, day and 
night, without a single stop. 

A SUPERPOSED COMPOUND ENGINE. 
E illustrate one of two 375 h.-p. 
engines built and supplied by 
Galloways, Limited, for the 

City of Birmingham Cable Tramways 


being of the shaft type, keyed on to 
crank shaft, and arranged to automati- 
cally vary the throw of the excentric 
actuating the high-pressure valves. The 
cylinders are provided with metallic 
pistons, and the piston and connecting 
rods are of steel, of ample proportions. 
The crank shaft is of mild steel, with 
cast-steel crank and crank pin. Each 
fly-wheel has a weight of 20 tons. The 
condenser is fixed in rear of engine, the 
air-pump being horizontal, double-acting, 
and worked direct from piston-rod of 
low-pressure cylinder. 

The special feature of this engine is 
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its superposed arrangement, and _ it 
becomes particularly adaptable where 
space is limited. Another advantage is 
that the distance traversed by the steam 
between the high and low pressure 
cylinders is considerably reduced. The 
makers state these engines are capable 
of developing upwards of 500 indicated 
h.-p. at an increased speed, and with an 
improved boiler pressure. 
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FIG, I.—GRESHAM AND CRAVEN’S VERTICAL 
COMBINATION INJECTOR, 


MODERN LOCOMOTIVE BOILER 
FITTINGS: 

T is now the practice, in England, 
on the Continent, and to a lesser 
degree in America, to group all 

the appliances for working the boiler, 
engine and train in the cab of the loco- 
motive, right under the hand of the 
driver and his fireman, on the former of 
whom has now fallen the onerous duty 
of keeping the compartments of the train 
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at a suitable temperature, since the 
general introduction of steam-heated 
trains. For many years the back of the 
boiler was only ornamented with the 
regulator, the water gauge glass, and 
possibly three try cocks. The first add1- 
tion to be bolted to the boiler back 
was the combination ejector for working 
the automatic vacuum brake, which was 
designed by Mr. Gresham, of Gresham 


TO BRAKE 
EJECTOR 


FIG, 2.—INJECTOR COMBINED WITH STEAM SANDING VALVE. 


and Craven, of Manchester, who are the 
makers of that brake, the object being 
to reduce the number of parts and 
facilitate the fixing by suppressing long 
rods and pipes, the exhaust from the 
ejector passing through an internal pipe 
in the boiler to the smoke-box. 

The same firm soon after introduced 
the combination injector, of which we 
give three illustrations. 

Fig. 1 represents the usual type of 
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FIG. 3.—VIEW SHOWING THE FITTINGS ON THE FIRE-BOX OF A MODERN LOCOMOTIVE. 
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vertical combination injector which has 
all the necessary valves, self-contained, 
and bolts on to the back of the boiler 
with one flange, the steam and delivery 
being conveyed by internal pipes, which 
cannot burst,as they are not under pres- 
sure, nor can they freeze. 

Fig. 2 shows how the injector can be 
combined with other fittings. The one 
in question carries a steam sanding 
valve for Gresham’s patent sanding 
apparatus, and has a separate steam 
branch for supplying steam for any other 
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purpose ; thus one connection with the 
boiler serves for three in the ordinary 
course, and we think every one will 
admit the fewer holes drilled in a boiler 
the better. The large illustration (Fig. 3) 
clearly shows what a modern locomo- 
tive footplate is like; the Belpaire fire- 
box might have been designed to ac- 
commodate so many appliances — 
combination ejectors, combination in- 
jectors, combined sanding and _ blower 
valve, combined train-heating valve and 
relief valve. 


SINGLE-DRIVER EXPRESS PASSENGER LOCOMOTIVE, GREAT NORTHERN RAILWAY (MR _ IVATT). 
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(Manufacturers ave invited to send particulars and illustrations of New Machinery for Notice, free of charge, under 
this Heading, Although the merits of every machine and appliance are investigated so far as possible by an 
expert, the Edttor desires it to be understood that in some instances he is dependent to a large extent on the 
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KINNEAR STEEL ROLLING DOORS, 


HE present state of the transport 
world is essentially one of pro- 
gress. Increased speeds, im- 
proved accommodation, more efficient 
service, and better and more economical 
methods are subjects engaging the con- 
stant attention of the engineer; and 
nothing that will contribute towards 
these ends escapes his consideration. 
What was thought good enough yester- 
day is antiquated to-day; and the manu- 
facturer who would not be left hope- 
lessly behind must satisfactorily meet 
the new conditions. As a consequence, 
much timeand thought has been expended 
in perfecting details which are of minor 
importance in themselves, but whose per- 
fection or imperfection materially affect 
the high standard of results aimed at by 
the engineer. 

An illustration of this is furnished by 
the doors used for tram-car sheds, round 
houses, goods stations, etc. Formerly, 
cumbrous wooden doors, made to swing 
or (more often than not) to slide, were 
employed. Much force and time were 
needed to move them, and if exposed to 
a high wind they became almost un- 
manageable. Repairs were costly, and 
an additional drawback in the case of 
trolley roads was caused by the awkward 
break between the trolley wire inside 
and outside the car shed. To meet these 
difficulties an attempt was made to use 
the ordinary rolling shutters, sometimes 
made of wood, sometimes of iron, as 
used for shop fronts. These, however, 


were not adapted for such large openings. 
If made stiff enough the weight was 
prohibitory, repairs were too difficult 
and costly, and where used for tram-car 
sheds the break in the trolley wire still 
remained. 

The Kinnear Manufacturing Co., of 
Columbus, Ohio (represented in this 
country by The B. & S. Folding Gate 
Co.,of 19, 20 and 21, Tower Street, Upper 
St. Martin’s Lane, W.C.), have now 
surmounted the difficulties, and are 
making a steel rolling door which meets 
all the requirements. It is light, yet 
of great strength; easily and quickly 
worked; repaired (if injured) with a 
minimum of time and expense; and 
where used for tram-car sheds, the break 
in the trolley wire is_ satisfactorily 
bridged. Single doors have been made 
for openings up to 35 ft. 6 in. wide, and 
up to 28 ft. high. 

The accompanying diagram (Fig. 3) 
shows the slats composing the door in 
cross section. Slat No. 1 is used for 
all ordinary doors up to ro ft. in width ; 
for openings over Io ft. in width greater 
stiffness is required, and in such cases 
slat No. 2 is used. Slat No. 3 is used 
for small openings, such as windows. 
As a rule, No. 22 gauge steel is used, 
but a lighter or heavier gauge can be 
employed where desirable. It will be 
noticed that the slats form their own 
hinge, which extends their entire length. 
By removing the detachable side groove, 
any damaged slats can be instantly shd 
out and replaced by new ones. 
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FIG. I.—DOOR OPEN, SHOWING CONTINUOUS TROLLEY WIRE 
CONNECTION. ~ 


These doors are worked by a hand 
chain and gearing. The barrel on 
which the door coils contains a spring 
which counterbalances the weight of the 


door, enabling it to be opened or closed 
with the greatest ease and rapidity. In 
some cases this spring is made of such 
strength that when the door is raised 


FIG. 2.—DOOR,; PARTLY CLOSED, 


SHOWING BREAK IN TROLLEY WIRE, 


New Machinery, Appliances, Etc, 


six or eight feet, it will 
open the balance of 
the distance automati- 
cally. This prevents 
an employee leaving 
the door only partly 


2 g \ EF 
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5 3 = open, and thus avoids 

3 : - accidents. The illus- 


tration (Fig. 4) of a car 
shed shows an opening 
having five doors. If 
desired, the interme- 
diate posts can be made 
hinged ; then, after the 
doors are open, the 
posts can be quickly 
and easily swung to the ceiling, giving 
an entirely clear opening. 

The trolley wire connection provided 
for use in conjunction with these doors 
is well shown in the accompanying 
illustrations (Figs. 1 and 2). One 
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FIG. 3-—DIAGRAM OF 
SLATS COMPOSING 
DOOR. 
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being maintained by means of the wire 
passing through the wall above the door, 
and connecting the trolley wire outside 
and inside the car shed. | 

These doors provide an_ excellent 
means for increasing the accommodation 
of round houses. Modern requirements 
have called into existence a larger,type 
of locomotive, which in some cases is 
too long for the old round house. The 
accompanying planillustrates the method 
adopted to meet the new conditions, 
providing the extra room required with- 
out disturbing the existing building or 
making any change in the pits or venti- 
lators. Referring to the plan, it will be 
noted that the locomotive extends some 
distance beyond the line of the old wall 
of the round house. To meet this diff- 
culty, wrought iron columns are pro- 
vided to form the necessary grooves for 
the doors to operate in; these columns are 


FIG. 4.—CAR SHED FITTED WITH KINNEAR DOORS. 


shows the door when up, providing 
automatically for an uninterrupted trol- 
ley service. The other shows the 
door partly down, and it will be noticed 
that the operation of the door does not 
in the least interfere with the current 
in the trolley wire, the electrical circuit 


placed at the requisite distance from the 
old wall, and the original roof line is 
then extended to cover them, while 
between the columns are placed the 
rolling doors. Where the clearance in 
height is sufficient, glass transoms can 
be placed above the doors, providing 
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ample light. One of the round 
houses of the Hocking Valley 
Railway Company, treated in 
the way described, is shown in 
connection with this article. 
The facility afforded for meeting 
present and future require- 
ments quickly and economically 
is obvious. 

An important consideration 
in most cases is the protection 
against fire which is afforded by 
these doors. Owing to their 
ingenious construction the 
various parts, even to the in- 
dividual slats, can expand or 
contract independently. This 
effectually prevents any buck- 
ling, and keeps the door intact 
even under the severest tests. 
If a fire breaks out inside the 
building, it can be completely 
confined. If the various depart- 
ments are separated by these 
| doors, then the fire can be con- 
\ \ | fined to the department in 
| which it breaks out. If the fire 
is in a neighbouring building, 
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FIG. 5.—METHOD OF INCREASING SIZE OF OLD ROUND HOUSE 
BY USE OF KINNEAR DOORS 


FIG, 6.—ROUND HOUSE FITTED WITH KINNEAR DOORS. 
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these doors prevent its entrance into the 
bnilding fitted with them. Of course, 
where this security is desired, the windows 
must be fitted with shutters made on 
this principle. Where desired only as 
a fire protection, they are sometimes 
made to be normally held open by a 
fusible link, graduated to fuse at one 
hundred and fifty degrees of heat. 
Springs under tension are in such cases 
attached to the bottom of the shutter at 
each side, and these give it an impulse, 
causing it to descend rapidly when 
released by the melting of the fusible 
link. 

It may occur to the reader that in the 
case of a building equipped with these 
automatic fire shutters, a fire inside 
might cause the shutters on an upper 
floor to close, preventing the firemen 
from playing a stream of water into the 
burning room until the arrival of ladders 
enabled them to open the shutters; but 
even this contingency has been provided 
for. Each shutter can be fitted with 
a small water wheel, so ingeniously 
arranged that when the firemen direct 
a stream of water from a fire-hose 
against the wheel, it instantly revolves 
and coils up the shutter. This con- 
struction works admirably for any height 
that can be reached by a stream of 
water from a fire-hose. 

The doors and shutters are made for 
all sorts of openings, and to meet any 
requirements, and undoubtedly mark 
a very decided advance in this line. 
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“HELIOS” AUTOMATIC CUT-OUT. 


MOST important point in the 
transmission of power by 
continuous current electrical 
machines, and more especially in the 
case of electric traction, is the protec- 
tion of the generators, motors, and con- 
ductors against damage by excess of 
current due to overload or short-circuit. 
Automatic cut-outs are now generally 
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employed for this purpose in place of 
safety-fuses, and there are several de- 
signs of such cut-outs on the market, the 
majority of which areactuated by aspring 
set free by the armature of an electro- 
magnet. The arrangement is generally 
such that a hand switch has to be placed 
in series with the cut-out, as, in order 
toclose the circuit again after interruption 
by theautomatic cut-out, the hand-switch 
must first be opened, the cut-out reset, 
and then the hand-switch closed again. 
Should the short-circuit still exist, how- 
ever, the rush of current not only sets off 
the cut-out again with excessive spark- 
ing at the contacts (which are thereby 
gradually destroyed), but also causes 
considerable damage through sparking 
at the commutators of the dynamos. 
As a result of such sparking at the 
contacts, the cut-out soon refuses to act 
when a short-circuit occurs, and exten- 
sive injury is done to the generators and 
conductors in consequence. 

We give illustrations of the new 
‘‘Helios” automatic cut-out supplied by 
Messrs. Frank Suter & Co., Limited, 
of 66, Berners Street, London, who 
claim that this apparatus not only over- 
comes the defects and drawbacks which 
we have just referred to, but also 
possesses the following advantages :— 

1. The automatic cut-out and hand- 
switch are combined in one apparatus. 

2. Permanent closing of the circuit 
is prevented as long as the short-circuit 
exists. 

3. Violent sparking at the contacts is 
avoided at ‘‘make”’ and ‘break”’ by 
the insertion of a resistance at the first 
and last moment of contact. 

4. The construction is such that the 
arc at ‘“‘break’’ cannot destroy the 
contacts, nor bridge across to any other 
conducting part of the mechanism. 

The manner in which the apparatus 
(shown in Figs. 3 and 4) works 1s, 
shortly, as follows :— 

On closing the switch, immediately 
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FIG. I.—VIEW FROM REAR OF SWITCH-BOARD. FIG. 2,—VIEW FROM FRONT OF SWITCH-BOARD (SWITCH OPEN). 


“HELIOS’ AUTOMATIC CUT-OUT 
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Z, 
FIG. 3.—LONGITUDINAL SECTION (SWITCH CLOSED). FIG. 4.—SIDE ELEVATION. 


“ HELIOS’ AUTOMATIC CUT-OUT. 
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the lever N touches the contact K 
(which is of high resistance) the electro- 
magnet M—in the event of excess current 
or a short circuit—attracts the armature 
A, and through the agency of the bent 
By 


lever U depresses the pawl Sp. 
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A special feature of the automatic cut- 
out is the employment of the electro- 
magnet to form a magnetic ‘ blow- 
out”? at the point of separation of the 
contacts. 

This apparatus is made in two forms, 


CAR-WHEEL BORING MACHINE, 


means of the stop-catch St the switch- 
arm is disengaged from the handle and 
snaps back into its initial position, it 
being impossible to hold the switch ‘‘on”’ 
as long as the short-circuit exists. The 
contact K must be a high-resistance 
carbon contact, as it is necessary to 
provide for the interruption of the circuit 
when the current is only slightly above 
normal. Thus the sparking which may 
occur can only be approximately suchas 
that which takes place with the usual 
maximum current strength. 


the one adapted for switch-boards and 
the other for tramcars. 

The automatic cut-out, with locking 
device, for tramcars may be fixed to the 
roof of the platform above the driver, or 
in the covering now frequently provided 
for the platform. This form of cut-out 
serves as a substitute for the safety-fuse, 
which has proved far from reliable ; it 
thoroughly protects the motor against 
overloading, and prevents the driver 
closing the switch too rapidly. Since 
the driver is compelled to drive more 
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carefully, the rolling stock is saved, and 
the reaction of the varying load at the 
central station diminished. ‘These cut- 
outs may be employed for continuous- 
current circuits up to 600 volts pressure, 
and are adapted for all the various 
systems of transmitting power, for the 
protection of the generators and motors. 
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CAR-WHEEL BORING MACHINE. 
E illustrate a machine designed 
12) especially for small car-wheel, 
gear and other miscellaneous 
boring, large quantities of which it is 
capable of turning out. Its simplicity, 
ease of manipulation, convenience of 
clutch and operating levers, combining 
solidity and efficiency, are the essential 
features of this machine. The table 
is 41 in. diameter, and contains a self- 
centering chuck operated by a single 
motion of a cam lever. The chuck 
slides have small movement for gripping 
only. ‘They are slotted and corrugated 
on top to fit corresponding corrugations 
on the jaws, and are also graduated in 
inches. This effectually prevents the 
slippage of the jaws. The jaws may be 
set at any point on the slides. This 
makes an excellent quick-working chuck 
for all diameters of wheels. The table 
is driven by cut bevel gearing from a 
cone in the rear. The boring spindle 
has power down feeds and quick hand 
movements. Two fine feeds are pro- 
vided for roughing out and one coarse 
feed for finishing cuts. A very efficient 
and quick acting power crane is mounted 
on the side of column for handling 
wheels. A power hub-facing bar passes 
through the column at the proper height 
for the hub. It carries an adjustable 
tool slide at the end, and has power feeds 
and hand movements. It is operated 
from the rear side on account of the 
crane. This eminently useful tool is 
made by the Niles Tool Works Co., 
of 23 and 25, Victoria Street, London, 
SiN 
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THE VICARINO ELECTRIG SYSTEM 
OF RAILWAY CARRIAGE 
LIGHTING, 


HE idea is by no means a new one 
to employ for lighting each car- 
riage a dynamo and accumu- 

lators, the latter supplying current to 
the lamp circuit when the train is at 
rest, and the dynamo sometimes charg- 
ing accumulators and at others directly 
connected with the lamp circuit. But, 
hitherto, there have been certain draw- 
backs to this combination of apparatus. 
Great variations in the speed of trains 
produce interruptions of the current in 
the mains, even if a constant potential 
dynamo and automatic cut-off be used, 
and if this current is allowed to pass 
to the lamps, even when a battery of 
accumulators is in parallel with them, 
an uneven lighting is the result. It is 
well known that until a voltage has 
been attained in the dynamo at least 
equal to that in the charged, or partially 
charged, accumulator, it will be futile 
to complete the circuit, and that if the 
dynamo circuit is completed the voltage 
at the accumulator terminals will rise. 

In the Vicarino system the above 
difficulties seem to have been very 
successfully overcome. 

This system, the sole agent for which 
in Great Britain is the Sun Electrical 
Company, of Charing Cross Road, 
London, consists essentially of: An 
automatic current inverter, combined 
with a dynamo; a battery of accumu- 
lators fixed to the under frame of the 
vehicle, and an automatic switch dis- 
posed between the dynamo and the 
accumulators. 

The dynamo, provided with a suitable 
casing, 1s fixed by means of a suspended 
articulated joint to the under frame of 
the carriage, and is driven by elastic 
friction by means of a pulley formed in 
two parts and keyed upon the axle of 
the vehicle, such pulley being adapted 
to act against a friction wheel or the 
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like of leather or other suitable 
material fast upon the shaft of 
the armature, but the desired 
power may be transmitted by 
belt, gearing or the like. 

The rocking frame which 
carries the dynamo is traversed 
bya screw-threaded rod, around 
one end of which is wound a 
spring controlled by suitable 
nuts, the tension of which 
spring, while variable at will, 
determines the friction of the 
pinion upon the pulley. 

The field magnets are fur- 
nished with two windings, one 
of which is of fine wire for the 
secondary current from the 
armature, while the other is of 
thick wire for the primary current. 

The former excites the dynamo and 
generates the current, while the latter 
demagnetizes the field magnets. The 
differential action of the two windings 
is combined in such a manner as to 
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VICARINO ENCLOSED DYNAMO FOR CARRIAGE LIGHTING. 


practically maintain the tension of the 
dynamo constant for the various speeds. 

In order that the dynamo may revolve 
in the one or other direction while yet 
producing a current in the outer circuit 
having a uniform direction, the carbon 


sane 
secon? 
= ii 


— 
ae 150a 


1000 


Ea Co 

Ser GeRseasr.® 

eT WIV PA | 
a= 


500 


EFFICIENCY CURVE OF VICARINO DYNAMO FOR CARRIAGE LIGHTING. 


4 2000 towrdparymvinule 


442 


brushes thereof are fixed to the brush- 
holders, which latter are mounted loose 
on their gudgeons, and are held in 
contact with the collector. These 
brushes and brush-holders are all 
together fixed to a metal disc mounted 
loose on the shaft of the dynamo, in such 
a manner as to be moved in the direction 
of rotation imparted to the armature 
by the friction of the brushes upon the 
collector and by the disc upon the shaft. 
The stroke of the said disc is limited to 
180° by suitable stops and tappets, so 
that the brushes are displaced for half 
a circle when the direction of rotation 
is reversed, and then remain in such 
position whilst the same direction of 
movement is continued. 

The gudgeons of the brush-holders 
are each connected by flexible insulated 
cables to the pole terminals, hence it 
will be understood that whether the 
dynamo revolves in one direction or 
the other the current transmitted to the 
external circuit always flows in an uni- 
form direction. This current serves to 
feed the lamps and to charge a battery 
of accumulators. 

To this end the dynamo is connected 
with the accumulators and lamps to the 
other apparatus 1n connection therewith, 
while the other pole is connected with 
the thick wire of the field magnets and 
with an automatic switch. 

This switch consists of a vertically- 
disposed double-wound solenoid, having 
one of its wires—the thin wire—con- 
nected with the terminals of the arma- 
ture, whilst the thick wire is traversed 
by the primary current. 

This solenoid is furnished with a soft 
iron core of tubular form which at its 
upper end terminates in acup filled with 
mercury, while to the lower end of the 
core is secured a rod adapted to dip into 
a similar cup of mercury. 

A metal rod fixed to the upper part 
of the coil dips into the cup at the upper 
end of the core when this latter is drawn 
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in by the action of the solenoid. The 
current from the dynamo flows through 
the coarse wire of the switch, the metal 
rod fixed to the coil, the mercury cup 
and the core, and divides into two cir- 
cuits: the one parting direct.from the 
accumulators and the other flowing 
through the resistance and feeding the 
lamps. At this moment the two wind- 
ings act in the same direction, the action 
of the coarse wire being added to that — 
of the fine wire. 

If, on the contrary, the dynamo is 
stopped, or if it gives@amicuiremaurs 
lower tension than the accumulators, 
the core descends by its own weight, 
the rod is no longer in contact with the 
mercury of the cup, and another suit- 
ably arranged rod in opposition dips 
into the lower mercury cup; the dynamo 
is then no longer in communication with 
the accumulators, and these latter feed 
the lamps, and the resistance is placed 
in short circuit. 

The dynamo revolves at a variable 
speed, and excites of itself by derivation 
the action of the automatic inverter, 
places the brushes with regard to the 
collector in such a position that the 
direction of the current produced re- 
mains constant whilst the dynamo is 
at rest; and while it supplies a lower 
tension than that from the accumulators 
these latter only feed the lamps. 

Directly the tension of the dynamo 
becomes superior to that of the ac- 
cumulators the core is drawn inward 
by the action of the solenoid of the 
interruptor. 

The current of the dynamo passes 
through the coarse wire of the field- 
magnets, demagnetizes the dynamo, and 
maintaining its tension in equilibrium, 
it passes through the coarse wire of the 
interruptor and increases its attraction 
upon the core, feeds on the one hand 
the accumulators direct, and on the 
other hand the lamps in passing through 
the resistance. 
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If the speed of the dynamo is accele- 
rated, its tension has a tendency to 
increase, the intensity of the current 
in the accumulators increases and de- 
magnetizes the dynamo. As, however, 
the resistance of the accumulators is 
very weak compared with that of the 
lamps, the accumulators will be charged 
while the tension of the lamps remains 
practically constant. 

From this it will be seen that, accord- 
ing to the speed imparted to the dynamo, 
the current for charging the accumu- 
lators varies, while the tension of the 
lamps and their intensity remains con- 
stant. 

We have dealt with this system at 
some length, for though it is now used 
on many of the leading Continental 
railways, it is yet practically unknown 
in this country. 


ad ° ° 


SOME INTERESTING ELECTRICAL 
MACHINERY. 

HE majority of our readers are pro- 
bably aware there now prevails 
the greatest boom in electrical 

machinery of all kinds that has ever 
been known. The demand is enormous ; 
and it is at a time like the present that 
the manufacturing engineer, if he be up- 
to-date, particularly feels the benefit of 
having his works equipped with modern 
tools and lifting and carrying machinery 
of the most labour-saving description. 
For although orders are plentiful, prices 
are keen, and the manufacturer must not 
only be able to supply, but that at the 
right price. A very modern manufac- 
turing electrical firm, The International 
Electric Company of Liege, has just 
opened an office at Clun House, Surrey 
Street, Strand, under the management 
Piao te Milburn Scott; M.I.E.E.; 
A.M.Inst.C.E. (who will be known 
to readers as a contributor to this 
review), and it is to some of their 
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productions that we now wish to draw 
attention. 

When at the Paris Exhibition last 
year, we were particularly struck with 
an exhibit of this firm, namely, a 1,000 
kilowatt three-phase generator. The 
working of this generator was all that 
could be desired, and its rational, as 
well as elegant, construction was univer- 
sally admired and appreciated. This firm 
is now devoting special attention to long 
distance transmission of power work, 
electric traction for tramways and rail- 
ways, and motor equipments for work- 
shop and factory driving. In Fig. 1 
we illustrate some 1200 h.-p. multi- 
phase alternator castings, which class 
of machinery they are now building on 
a large scale. Fig. 2 shows one of 
their 125 h.-p. three-phase motors; and 
Fig. 3, an entirely enclosed motor. 

Electricity has completely revolu- 
tionised lifting and hauling machinery. 
By the use of electric motors the lifting 
and travelling motions are made per- 
fectly independent of one another, so 
that they can, at will, be worked together 
or separately. Formerly, to obtain this 
result with purely mechanical devices, 
one had to employ complicated gear, 
subject to constant repairs. All in- 
dustries nowadays seek to profit by 
the undoubted superiority of electrical 
transmission over the older methods 
of employing steam, compressed air, 
water at high and low pressure, cables, 
etc. 

Recognising this, the International 
Electric Company of Liege have made 
the construction of lifting and hauling 
machinery one of their special features. 
In Fig. 4 we illustrate one oftheir 70-ton 
travelling cranes used in a quarry, and 
Fig. 7 shows a crab for an electric over- 
head travelling crane. With reference 
to the firm’s electric traction work, it 
is interesting to mention that the first 
overhead trolley electric car in Belgium 
was built by this Company. Figs. 5 
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and 6 show traction motors of the firm’s 
manufacture. We might refer also to 
the company’s central power station 
work, but the space at our command 
here will not permit of our so doing ; 
except, perhaps, to mention that amongst 
recent contracts are generating plant 
of the Hull corporation, Bray Urban 
District Council, Brussels Municipality, 
Madrid, Las Palmas, etc. In a future 
issue we hope to give our readers some 
details of the interesting machinery here 
illustrated. 
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to get out of order, and will handle a 
large quantity of material at a very 
small cost. 

The breaker for steel rails, hard 
billets, etc., is similar in design, but 
lighter in construction, as the power 
necessary to break a steel rail is less 
than in thecase of atyre. The machine 
has been used for cold straightening 
and bending with great success. Each 
machine is fitted with suitable valves, 
the action of which is to cut off the 
hydraulic supply immediately the article 


WARD’S PATENT RAIL, BILLET AND TYRE BREAKER. 


HYDRAULIC RAIL, BILLET AND 
TYRE BREAKER, 

E give an illustration of a hydrau- 
lic rail, billet and tyre breaker 
made by Mr. Thos. W. Ward, 

of Albion Works, Sheffield. It will 
be seen at a glance how compact the 
machine is. It is constructed more 
especially for dealing with old rails of 
old sections, which require to be broken 
up for smelting, and also large railway 
tyres of any diameter. The machine is 
easy of manipulation, has very few parts 


is broken, and return the ram ready 
for the next “break: Lhe» rollers are 
slightly conical and pointing to the 
centre in the case of the tyre breaker, 
and cylindrical and parallel in the case 
of the rail breaker or straightener. 
Machines are made in various sizes 
to suit working pressures from 750 lb. 
to 1,500 lb. per square inch. There 
is no doubt that this machine is a 
distinct advance on the old method 
of shearing or breaking by hand or 
screw. 
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THE “ M‘INNES-DOBBIE” INDICATOR, 
O many central stations’ engi- 
neers—users of steam engines 

of various kinds—will be readers 

of this issue, that we have thought it 
might interest some to give a few 
particulars of what we consider to be 
one of the most reliable and easily- 
manipulated indicators on the market 
—the ‘‘M‘Innes-Dobbie.” Its general 
design and construction will be appre- 
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THE ‘‘ M‘INNES-DOBBIE’ 


ciated from our illustrations, which are 
so clear as to obviate the necessity of 
our giving a mechanical description. 
These illustrations show the makers’ 
latest improved pattern, the principal 
features of which, in a few words, are 
as follows :— 

The parallel motion is of improved 
design, with a central instead of an over- 
hanging pencil arm, the whole movement 
working in the one central plane, and it 


EXTERNAL PRESSURE SPRING TYPE OF 
INDICATOR FITTED WITH CONTINUOUS PAPER ROLL. 
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is specially constructed to withstand the 
wear and tear of constant usage without 
working slack at the joints. The dia- 
gram cards can be conveniently and 
instantaneously fixed to or removed 
from the drum by means of a double- 
hinged clip, and are not torn or destroyed 
in the operation. The tension of the 
paper drum can be adjusted to suit the 
speed of engine. Spiral drum springs 
are supplied, and in the event of 
breakage the broken _ spring 
can be removed, and a new 
one substituted in a few 
seconds. The travel of the 
piston is multiplied six times 
at the pencil point. The pressure 
of the pencil on the paper is 
regulated by means of an adjust- 
able arm sheathed with vul- 
canite. The cylinder, cylinder 
cover, and coupling ring are 
sheathed with a special non-con- 
ducting material, to enable the 
springs to be changed and the 
indicator handled in comfort. 
The piston is made of steel, 
which in practice is found to 
give better results than gun- 
metal under high-pressure 
steam. The cord lead can be 
carried away at any angle. 
The cylinder is made open at 
foot, to permit of cleaning and 
the easy removal of grit. <A 
clip cord adjuster is fitted on 
cord, by pressing the tails of 
which the lead may be length- 


ened or shortened instantaneously. 
Patent detent gear for stopping the 
paper barrel without detaching the 


cord lead can be fitted when desired. 

Great care is exercised in the manu- 
facture of the instruments to ensure 
perfect accuracy, and every indicator is 
carefully tested by the makers, Messrs. 
Ties. Milnnesot Co, wi sineited seo uae 
and 42, Clyde Place, Glasgow, before 
leaving their works. 
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NEW SURFACE CONTACT SYS- 
TEM OF ELECTRIC TRACTION, 


NEW development of the 
surface contact system of 
electric traction has recently 
been brought under our notice by Mr. 
William Kingsland, M.I.E.E., who 
has been working at this system for 
several years. The switches in this 
processare operated by apositive me- 
chanical action,which, it is claimed, 
eliminates every source of difficulty 
and danger arising from the use of 
an electirc current for this purpose. 
The most important feature of 
the system is the employment of a 
revolving tappet-wheel, operated by 
a striker-bar or bars attached to 
the car. The tappet-wheel is placed 
in a slot formed in the roadway 
by means of one of the tramrails 
and another rail set up alongside 
it, and into the slot thus formed the 
striker-bar on the car projects down- 
wards and engages with the tappet- 
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THE ‘‘ M‘INNES-DOBBIE’’ EXTERNAL PRESSURE SPRING 
INDICATOR. 


wheel, giving it one-sixth of a turn 
every time the car passes. The tappet- 
wheel is connected with the electric 
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switch, and the current is switched on 
and off the studs in an ingenious manner. 

In the illustration will be seen the 
outer or street switch-box, with a por- 
tion of rail, the inner switch-box, the 
switch and automatic stop, and the 
tappet-wheel and bracket. 

As the tappet-wheel has six arms, and 
is moved one-sixth of a revolution each 
time it is operated, there are consequently 
three ‘‘on’ positions and three ‘‘ off” 


positions of the commutator during one 
volution, 


complete these different 
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a car is always put ‘‘on”’ before the rear 
switch is put ‘ off.” 

When a car is travelling at any con- 
siderable rate of speed, the blow struck 
on the tappet-wheel is a somewhat heavy 
one, and the momentum of the various 
parts is liable to carry the tappet-wheel 
and switch too farround. Inorder to pre- 
vent this, however, an automatic locking 
device or stop has been patented, by means 
of which the shock of the blow is taken up 
by balancing springs, and the switch is ab- 
solutely stopped and locked as soon as one- 


STREET SWITCH-BOX, &C., 
positions occurring alternately. The car 
having two strike-bars, one in front and 
one in rear, the action on the switch me- 
chanism is accordingly, for the first stroke, 
to place the switch ‘‘on” by giving the 
sixth of a turn to the tappet-wheel, while 
the rear striker, by giving it another sixth 
of a turn, will thus cut the switch “* off.” 

The action of the switch will thus be 
seen to be of the simplest possible kind. 
It is merely one-sixth turn of a tappet- 
wheel carrying with it a simple com- 
mutator switch. The electric circuit, 
it should be noted, is never broken on 
this switch, as the switch in advance of 


WITH TAPPET WHEEL AND BRACKET, 


sixth of a turn has been made, being ready 
a moment after for the next operation. 
The Kingsland system does not involve 
any departure from the present well- 
known methods of track construction, 
and it may be applied to any existing 
track by setting up an outside rail to 
form the slot with one of the present 
rails. A  recently-constructed experi- 
mental line can be seen and inspected 
at any time at Wolverhampton. Further 
particulars of this system can be ob- 
tained from the Kingsland Electric 
Traction Syndicate, 8, Breams Buildings, 
Chancery Lane, London, E.C. 
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Our Railway and Tramway Number. 
We should lke to begin this issue 
with a word of thanks to our numerous 
friends at home and abroad for their 
generous praise of our last number. It 
has been quite impossible to reply in- 
dividually to the many letters of con- 
sratulation that have reached us from 
readers and advertisers in all parts of 
the world, and we hope that the writers 
will accept this slight acknowledgment 
of their kind expressions, which have 
been greatly appreciated by us. We 
also take this opportunity of thanking 
the many journals, technical and other- 
wise, which have noticed our last number 
in their columns. The work entailed in 
the production of so huge an issue was 
very great, but the way in which it has 
been received is extremely gratifying. 


The Subway Question. 

The nuisance which has been ex- 
perienced in most of the important towns 
of this country during the past year or 
so through the opening up of public 
footways and roadways, has turned the 
attention of some municipal authorities 
toward the idea of subways into which 
all the different electric light, telephone 
and telegraph, gas, water, and other 
supply mains shall be carried. To the 
average municipal mind, uninitiated in 
matters of an engineering nature, it is 
easy to see that the idea would at once 
commend itself as the best thing in the 


world to suggest. For new towns or 
new streets, no doubt, it may be worth 
considering ; but in the case, say, of a 
city like London, Manchester, Liver- 
pool or Glasgow, the cost would work 
out at many millions of pounds, the 
inconvenience we had almost said at 
millions more, and even after the whole 
Utopian scheme were planned, the 
advantages would have to be seriously 
weighed against some very real dis- 
advantages. The views of the city 
electrical engineer of Glasgow, as 
recently expressed by him before the 
local section of the Institution of 
Electrical Engineers, must have opened 
the minds of many to the real nature of 
the problem. Mr. Chamen says that 
while the subway idea is certainly very 
fascinating, the engineers in charge of 
the several interested departments held 
very varying views about the proposal. 
Gas engineers objected that the tunnel 
might become accidentally filled with a 
highly dangerous explosive mixture of 
gas and air; and water engineers pointed 
out that in the case of a large water 
main bursting—an accident which would 
happen occasionally, in spite of all 
precautions— matters would be in a 
serious state inside the tunnel. There 
was also the question as to how access 
was to be provided for such unhandy 
articles as g ft. or 12 ft. lengths of cast- 
iron pipes 4 ft. in diameter, and also the 
question whether the tunnel was to be 
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made sufficiently large to accommodate 
a railway for the purpose of conveying 
such goods for repairs, etc. 
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Compressed Air Traction. 

The adoption of electricity for street 
car propulsion has become so general 
throughout the country, that other 
systems do not appear to be able to get 
a mere look in. Steam cars are in 
operation in a few towns, it is true, but 
these, or at any rate the majority of 
them, are already taken under the wing 
of the electrical promoter, whose main 
intentions liein the direction of trolley con- 
version just at the very earliest moment 
that things are ready for the change to 
be made. As regards the running cable 
method, this is in service on a very 
extensive scale in the city of Edinburgh ; 
but there has been by no means im- 
munity from mishap, and suggestions 
have sometimes been made for convert- 
ing the cable conduit into an electrical 
one. It may be years before such a 
change is actually brought about, but if 
we regard American practice and 
examine the present day tramway 
statistics with those of a few years ago, 
we shall find that over and over again 
the cable has made way for electricity. 
Perhaps the most noteworthy instance 
of this sort of thing is to be found in 
the conversion of many miles of cable 
line belonging to the Metropolitan Street 
Railways Co., of New York, to electric 
conduit traction. This Company, we 
believe, employs several methods of 
propulsion on several different sections, 
and its most recent experiments have 
been made with compressed air cars on 
the T'wenty-eighth Street cross town line. 
One of our American electrical contem- 
poraries is at a loss to understand on 
what grounds such an_ experiment 
old be thought necessary, and has a 

al to say about the great danger 
1, each car of which is 
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a veritable charged mine in itself.” 
Presumably, however, the Company has 
good reason for what it does, although | 
it may not be at once apparent to the 
mind of the electrical engineer. The 
peg upon which the comments referred 
to are hung, is the explosion of the 
tank on one of the cars on March 27th, 
the accident ‘scattering bolts, rivets, 
scraps of iron and_ glass 
direction.” 


in every 
This appears to have been 
due to a small steam pipe, which passes 
along the bottom of the heater, to which 
it is secured by studs. This pipe, 
whose steam heats the water, worked 
loose from the studs, and 1n the course of 
time wore the bottom of the heater thin 
by its continual chafing and grinding. 
The wall of the heater was in this way 
weakened, and it gave way, causing the 
explosion. It is of course conceivable 
that with crowded cars operating upon 
crowded city streets serious results 
might ensue, but one such mishap, 
although it cannot fail to tell against 
the system, is insufficient for condemna- 
tion thereof im toto, at any rate in 
suburban thoroughfares. No doubt the 
Company will still go on with its investi- 
gations into the merits of the system. 
It is hardly lhkely that any special 
attempt will be made to try it on this. 
side of the Atlantic at the moment, but 
certainly the New York trials are worth 
watching. 
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The America Cup Defender ‘‘ Constitu- 
tion.”’ 


The approaching contest for the 
America Cup will be followed keenly 
on both sides of the Atlantic, and not 
the less so after the regrettable mishap 
to Shamrock II. The Constitution, the 
yacht on which America is relying to 
retain the Cup, may be described as a 
high-powered Columbia, with the same 
sheer plan, the same draught, a lighter 
hull, more lead, and exactly a foot 
more beam than the Columbia. She has 
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less dead-rise than the latter yacht, a 
flatter floor, and also a harder bilge. As 
the result of these combined improve- 
ments, all tending to the one object of 
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draught, 89 ft. g in.; beam, 25 ft. 24 in.; 
normal draught, rg ft. ro in. 

We are enabled in this number to 
reproduce from the Scventific American 
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VIEW SHOWING DETAILS OF CONSTRUCTION OF THE CUP YACHT ‘“‘CONSTITUTION.”’ 


increased power, she carries about Io 
per cent., or about 1,300 sq. ft. more 
sail than the Columbia. Her dimensions 
are as follows: Length over all, 132 ft. 
6 in.; length on water-line at normal 


an authentic set of drawings of the 
Constitution, much of the increas 
power of which may be attrily 
improved methods of const~ 

which the same streng*’ 
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hull is secured with the use of less 
material. The considerable lightening 
of the hull of the Constitution (which 
has been accompanied by a decided gain 
in strength) has been secured by a radi- 
cal change in the method of framing. 
Herreshoff’s innovation consists in run- 
ning the framing of the yacht in both 
directions, using deep belt frames of a 
I-beam section for the transverse system 
of framing, and associating them with a 
system of longitudinal T-bar and angle- 
iron framing, which serves at once to 
take up a large proportion of the longi- 
tudinal strains which ordinarily fall 
upon the plating, and so enables the 
weight of this plating to be very mate- 
rially reduced:, The transverse belt 
frames and the longitudinal framing are 
so arranged with regard to the width 
and lengths of the plating that the butt 
joints meet upon the frames, and the 
seams follow the longitudinal T-irons, 
thus doing away altogether with the 
weight of the washers and liners neces- 
sitated in riveting up a boat built in 
the conventional way. Judged from an 
engineering standpoint, this is a far more 
scientific distribution of the material to 
meet the special strains to which the hull 
of a yacht is subjected, particularly ina 
seaway. Sy es Ue 

Amending the Light Railways Act. 

As we pointed out in our last number, 
the Light Railways Act has not fulfilled 
all that was originally expected of it, 
and it may interest our readers to, know 
what action the Tramways and Light 
Railways Association has taken with 
regard to obtaining modifications in the 
Act, which is now before Parliament for 
renewal. On February 28th last a 
deputation was received by the Presi- 
dent of the Board of Trade from this 
association, represented by the Law 
and Parliamentary Committee and one 
or two other of the members. This 
deputation laid before Mr. Gerald 
Balfour a number of suggestions to be 
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embodied in the new Light Railways 
Act, at the same time detailing their 
opinions on the various points submitted. 
It was contended that applications under 
the Act should not be refused a hearing 
on the ground that the proposed light 
railway lay wholly in a single urban 
district. It was further suggested that 
the Board of Commissioners should be 
made a permanent paid body, and that 
their numbers should be increased ; that 
the Act should not be regarded as in- 
corporating any of the provisions of the 
Tramways Act, 1870, or as making any 
of the provisions of that Act applicable 
to any Order promoted thereunder ; that 
the Commissioners should have power 
to allow land to be taken compulsorily 
for the purposes of constructing a road 
over which the light railway is to run; 
that they should also have power in 
suitable cases to grant compulsory 
running powers subject to section 23 
of the Act; that provisions should be 
inserted enabling them to authorise 
statutory companies to raise additional 
capital and subscribe to light railway 
companies and to be represented therein, 
and vice versé ; that questions of speed 
should not be dealt with in the Order, 
but left to the Board of Trade inspector 
hereafter; that no local inquiry should 
be essential to an amending Order, and 
that inquiries into unopposed Orders 
might be held in London. 

It is hardly necessary to say that the 
views put forward by the different 
speakers of the deputation had been 
carefully considered beforehand, and it 
was felt that the amendments suggested 
were only fair and reasonable. It was 
understood that the views of the depu- 
tation should receive every attention, 
but it is much to be regretted that the 
President of the Board of Trade has 
not seen his way to include more of the 
suggestions of this association in the 
new Bill. he idea seems prevalent in 
some quarters that as yet sufficiert 
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experience has not been obtained to 
enable a permanent measure to be 
satisfactorily drafted, and it is therefore 
proposed to do little more than prolong 
the Act for another five years in its 
present form. It is doubtful, however, 
whether the majority of those competent 
to judge on the question agree with this, 
and before the new Bill is passed it is 
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power for the Centennial Exposition, 
held at Philadelphia in 1876. Since that 
date other engines of greater power and 
of more modern design have been con- 
structed, yet, in spite of this, the famous 
Centennial engine remains to-day a living 
example, if we may so phrase it, of the 
genius and courage of George Corliss, in 
whose fertile brain it was conceived. 


THE FAMOUS ‘“‘CORLISS”’ ENGINE, ERECTED BY G. H. CORLISS TO SUPPLY THE 
FOR THE CENTENNIAL EXPOSITION, PHILADELPHIA, 1876. 


hoped that all those who are in any way 
interested in tramway and light railway 
matters will do their utmost to bring 
the necessity before Parliament of in- 
serting further modifications in the new 
Light Railways Act than appear in the 
Bill as at present drafted. 


A Famous American Engine. 

One of the most famous of the world’s 
engines is that which was erected by 
George H. Corliss to furnish the motive 


MOTIVE POWER 


Regarded at first as a ‘“‘ white elephant,”’ 
and derided by many who called atten- 
tion to the unlucky fate of the steamship 
Great Eastern, and prophesied similar 
things of the “Corliss” engine, the latter 
has so far justified’ its existence that at 
the present time, after over twenty years’ 
continuous service, it is working from ten 
to twenty-four hours daily, and with an 
economy which many of the more modern 
engines would find it extremely difficult 
to equal. 
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Our Chicago contemporary, the 
National Engineer, gives an interesting 
description of this engine in its last 
issue, from which we take the following 
particulars. The engine is a simple 
condensing one, with the ‘‘ Corliss” valve 
gear and cut-off adapted to a vertical 
engine. It took seven months to build, 
and when installed at the Exposition, it 
was set in motion by President U. S. 
Grant. The late Dom Pedro, Emperor 
of Brazil, was also present, and was 
deeply interested in the engine. After 
watching the revolution of the great fly- 
wheel for a few moments, he quietly 
remarked, ‘This beats our South 
American revolutions.”’ 

At the close of the Exposition the 
engine was taken back to Providence, 
where it had been built, and in the year 
1880 it was bought by Mr. George M. 
Pullman, requiring a train of thirty-five 
cars to take it to the purchaser. In the 
following year it was started at the Pull- 
man car works, amid great enthusiasm, 
in the month of April. The engine has 
been running successfully there since 
that date; its total weight is 700 tons. 
The engine-room is 84 ft. square and 
68 ft. high, and the platform upon which 
the engine stands is 26 in. above the 
floor of the room. The frame and large 
parts were first set up, and the building 
erected around them. The diameter of 
the large gear flywheel of the engine is 
29-1. ft. ithe widthpotuts faces2a ins, 
the pitch of the gear, 51 in.; and the 
number of the teeth is 216. This massive 
wheel is built up in twelve segments, and 
weighs 56 tons; it revolves 36 times a 
minute. The total number of revolutions 
made by this great wheel during the 
Philadelphia Centennial Exposition was 
2,355,300. The engine was rated at 
2,400 h.-p. by the builder, yet it has 
developed 2,500 h.-p., though it is 
seldom required to work beyond its 
actual capacity. The water used in 
condensing the steam during one day’s 
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run of the engine amounts to about 
300,000 gallons. Although, naturally, 
repairs have been occasionally neces- 
sary, the engine now seems to be in as 
good condition as when first started. 
It is greatly admired by visitors from 
every country of the globe. 
°° 5 ° 

Self-Propelled Traffic. 

An important series of trials of motor 
vehicles for heavy traffic is being held 
this month by the Liverpool Self- 
Propelled Traffic Association. The 
object of these trials is to provide a 
means of making a preliminary test of 
types of heavy motor waggons suitable 
for haulage operations in Lancashire, 
prior to their being taken over by a 
Lancashire syndicate, which will be 
formed for the purpose of conducting 
road transport between Liverpool and 
manufacturing towns in Lancashire. 
The association previously arranged 
with Lancashire manufacturers and 
Liverpool shipowners for the provision 
of loads of general merchandise, the 
latter being collected, transported and 
delivered free of charge, in order to 
demonstrate the practical and com- 
mercial qualities of the system. 

At present, the limit of three tons 
tare under the Locomotives on High- 
ways Act, 1896, is the great drawback 
to the undertaking of really heavy work 
by automobiles, and the memorial of the 
Automobile Club to the President of 
the Local Government Board will 
be supported by a second powerful 
memorial praying for the same modif- 
cation of the 1896 Act, viz., the 
substitution of a maximum weight per 
inch width of tyre per wheel for the 
rigid limit of three tons as the total 
tare weight of any vehicle. 

An interesting address on this subject 
was given recently before the Liverpool 
Chamber of Commerce by Mr. Ea 
Shrapnell Smith, who pointed out that 
in order to see whether manufacturers 
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could improve their designs so as to 
produce an efficient vehicle under the 
three-ton limit of tare, the Liverpool 
Self- Propelled Traffic Association 
decided to allow an interval of two 
years between their second and third 
trials. The result had been that all 
the vehicles have grown heavier, and 
there is now another strong argument 
in favour of the desired increase. As 
a tentative clause in the Act, that con- 
trolling the tare has served its end of 
forcing manufacturers to put forth their 
best efforts in design and workmanship ; 
but Mr. Smith considers it hard to 
imagine why the tare weight should not 
have been equal in the first instance 
to at least that unit of traffic which 
the motor vehicle replaces, viz., a lorry 
and three horses weighing, say, four- 
and-a-half tons. Of course there was 
no experience of this type of vehicle in 
1896, seeing that only lght pleasure 
carriages of foreign build and traction 
engines existed. 


¢ ad od 


Government Enterprise. 

It really seems too outrageous an 
anomaly that the Board of Trade, a 
Government Department, should con- 
tinue using its official position to obtain 
advertisements in competition with 
journals run by private enterprise. In 
its latest advertising letter, The Board 
of Trade Journal (“edited by the 
Commercial Department of the Board 
of Trade’) is so keen on obtaining 
business that it is reduced to cutting 
its rates, and even offers to insert an 
advertisement, at a minimum space, at 
a shilling per insertion. This is com- 
petition indeed, and we should tremble 
for our very existence were we not 
quite aware of the fact that even 
such an inducement as this will be 
hardly likely to tempt advertisers in 
engineering papers to take advantage 
of it. 
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Railways in Western Australia. 

The report on the working of the 
Western Australian Government rail- 
ways and tramways for the year ended 
June, 1g00, a copy of which has been 
sent to us, contains several interesting 
particulars. The length of the various 
railways in the colony open for traffic 
at that date came to a total mileage of 
1,355, though we note that for the first 
time since 18gI-2 no new railways have 
been opened during the past financial 
year. The total earnings by these rail- 
ways for the year amounted to 
£1,259,512, the corresponding expendi- 
ture being £861,470, leaving a credit 
balance, after paying working expenses, 
of £398,042. The net credit balance, 
after deducting interest charges on 
capital expenditure, etc., works out at 
£162,066. 

Attention is drawn in the report to the 
want of adequate workshops accommo- 
dation at Fremantle, in consequence of 
which the operations of the locomotive 


branch are severely hampered. The 
general manager of the railways 
strongly urges the necessity which 


exists for the erection of new shops 
being put in hand without delay. The 
total number of vehicles on the books 
of the department at 30th June, Igoo, 
was :— Locomotives, 233; carriages, 
259; brake-vans, 107; waggons, 4,671. 
These represent a total capital expendi- 
tuferole(a 322,015. 

Purchase of rolling stock at an 
estimated cost of £216,050 1s recom- 
mended to meet requirements to the 
end of the year 1902. 


e > 4 


Refreshing Optimism. 

There is a very striking article in the 
current number of the Nineteenth Century 
and After, by Mr. Andrew Carnegie, on 
the subject of British pessimism in trade 
and commercial matters generally. Mr. 
Carnegie is known to everyone on both 
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sides of the Atlantic as one of the most 
successful business men of the day, and 
his paper is a very important and 
weighty contribution to the discussion 
of a question which becomes more acute 
and pressing every year. Mr. Carnegie 
knows what he is writing about. He is 
thoroughly familiar with every aspect of 
American as well as with British trade 
and workshop practice, and there is 
probably no one who 1s better qualified 
to pronounce an opinion on the present 
position and future prospects of British 
trade than he. Mr. Edison has recently 
delivered himself of a jeremiad upon 
British characteristics and methods, and 
has prophesied lugubriously as to the 
trade prospects of this country in the 
present century, and it is consequently 
decidedly refreshing to have what is on 
the whole a distinctly optimistic view of 
affairs from so keen and practical an 
observer as Mr. Carnegie. We do not 
mean to imply that, in the opinion of 
Mr. Carnegie, there is no cause for 
alarm. ‘‘ The reader must,” he writes, 
‘‘adjust himself to present conditions, 
and realise that there is no use in these 
days dwelling upon the past; and 
especially must he cease measuring his 
one country with the forty-five countries 
of the American. Union, E pluribus 
unum.’ It is out of the question, he 
holds, to compare 41 millions of people 
upon two islands, 127,000 square miles 
in area, with over 500 people per square 
mile (England and Wales), with 77 
millions upon 3} million square miles 


unequalled in natural resources, with: 


only 30 people per square mile. It is 
in aggregate wealth only that Great 
Britain has been left behind by the 
United States, and yet, “with nearly 
double the population,” the American 
Union “has only one-fifth more wealth 
in the aggregate,’ and consequently 
individual wealth in America bears no 
comparison with that in the United 
Kingdom. ‘Even in credit there is 
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only the United States whose credit is 
better, as shown by the pricesofits bonds; 
but were it to go one-half the distance 
on the road to financial troubles which 
Britain for years has traversed, it is 
improbable that even she could borrow 
upon the terms of the last addition to 
the British debt. Primacy in credit 
may yet be regained.” 

In certain branches of trade, such 
as mining, weaving, and _ electrical 
machinery, we are ready to admit that 
British supremacy does not exist, but 
alongside this we would place the fact 
that our shipping ‘still exceeds that of 
any nation twice over,’ and Great 
Britain’s ascendancy in this respect is 
so decided that Mr. Carnegie does not 
expect that any man living is likely to 
see it overcome. But his view is other- 
wise when he turns to shipbuilding, and 
he urges that Britain must not fall 
asleep, for ‘‘ America, with her cheap 
steel and timber and surprising work- 
men, is finely equipped,” and adds that 
‘if Britain hold supremacy, she will 
richly deserve the prize.” Mr. Carnegie 
then proceeds to answer the oft-asked 
question, “Is British foreign ‘trade 
declining?”’ He considers that dis- 
putants forget that the matter has two 
parts. ‘‘Exports are one branch, im- 
ports another; the former has decreased 
per capita, and the latter increased. The 
two combined show that British foreign 
trade is not declining.” | 

Studying the subject carefully, and 
avoiding the tendency to generalise from 
temporary causes and values covering 
only this year or that, the writer is 
satisfied that the true answer to the 
question, ‘“‘ Is British trade declining ?”’ 
is that it cannot be affirmed to be either 
declining or increasing, imports and 
exports combined. It has apparently 
reached its limit, and is not expanding, 
having remained practically stationary 
for, say, ten years. 

Mr. Carnegie draws attention to the 
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fact that taxation in this country is far 
heavier fer capita than in Germany or 
America. He considers that here is a 
real danger, as the burden imposed by 
the Government handicaps trade: “ After 
British employers and employed reach 
the American standard of economical 
production Britain will still remain 
heavily handicapped in the industrial 
race by the enormous load of taxation 
under which her producers labour as 
compared with America. It seems to 
the writer that this should be one, if not 
the chief, controlling factor in deter- 
mining the world-policy of the nation. 
It must soon force itself upon statesmen.”’ 

While holding that the financial and 
political situation, as he sees it, is alarm- 
ing, he states: ‘“‘The qualities of the 
race lie dormant, and are still there— 
the dogged endurance, the ambition to 
excel, the will to do or die, are all there, 
but it has not been necessary to drill 
them into disciplined action. Let serious 
disaster come in industry or war; let 
British trade really be captured by 
others, and decline to the point of closing 
mills and bringing home to employer 
and employed that it is change or ruin; 
or let the sceptred isle be invaded and 
the hitherto self-satisfied amateur officer 
see in his army life not a fashionable 
pastime, but a serious profession like 
that of the navy, and the soldier that he 
has rifles instead of spears to face, and 
it is do or die for the salvation of his 
country, and the world will then see— 
but perhaps not till then—what wonders 
the race can still:perform when it fights, 
not for shadowy paramountcy over 
others, but for home and country.” To 
all of which we heartily subscribe. 
Specialisation in Public Schools. 

We publish in this issue the concluding 
portion of the interesting address by 
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Dr. Henry T. Bovey on “ The Place of 
Science in Education.’ It is unneces- 
sary for us to discuss Dr. Bovey’s 
remarks at any length, but there is just 
one point upon which we should like to 
make a few comments. In dealing with 
the vexed question of specialisation, the 
President of the Canadian Society oi 
Civil Engineers endorses the view which 
is held by many of the most prominent 
educationists, that ‘‘ the best training for 
a special sphere is that which will give 
the mind the largest grasp of which it 
is capable”; in other words, that young 
men are not losing time ‘ when not 
directly preparing for some _ special 
sphere.” On the whole we are inclined 
to agree with this, but, although there 
are signs of an awakening to modern 
requirements, the fact remains that the 
majority of the principal English public 
schools still specialise in classical litera- 
ture, and headmasters continue to look 
with suspicion upon any change in the 
curriculum that will result in less time 
being devoted to Latin and Greek. In 
public school entrance examinations a 
most disproportionate importance is 
attached to classical attainments, and 
the consequence of this is that the pre- 
paratory schools which send in candi- 
dates for these examinations arrange 
their syllabus of instruction accordingly. 
The result is that young boys spend an 
unconscionable amount of time over 
Greek roots and aorists, and when they 
go toa public school they not unnaturally 
manifest a preference for those studies— 
the classics—in which they have been 
most thoroughly grounded, and in which 
they are therefore able to do best. 
This is why the modern sides at many 
public schools to-day lack the popularity 
which should and would be theirs if 
school entrance examinations were 
reorganized on a different basis. 


RUNS ON HIGH-SPEED LOCOMOTIVES. 


By Ben, H. MORGAN, 


He 


E have heard so much lately 
about ‘‘slow British Locomo- 
tives’? and the way in which 

America and France are ‘leaving us 
behind” in the matter of railway speeds, 
that it might not be uninteresting to 
some of my readers to place on record 
here a few of my recent experiences on 
the footplate. Not that the speeds 
which I have to give are in any way 
remarkable, but the conditions under 
which they were made might help 
readers to appreciate to a higher extent 
the capabilities of the British engine. 
Writers in the daily press do not seem 
to realise that a considerable increase 
in our railway speeds means the 
straightening out of curves, the 
strengthening of permanent way and 
bridges and viaducts, while these con- 
siderations do not weigh to nearly so 
ereatanextent with America and France. 
They also overlook the important fact 
that on the majority of our main lines 
trains run to schedule time—my expe- 
rience has taught me that this is not so 
much the case in France or America. 
Their time-tables read well, but are not 
closely adhered to. France has a few 
trains faster than we have covering 
fairly long distances, but our average 
for fifty miles and over is far and away 
better than anything France can pro- 
duce. This is not a matter of debate, 
but common knowledge to the traveller. 
In America it is different. Speeds are 
undoubtedly higher there, but, then, 
they do not labour under restrictions as 
to weight, height, etc.,in engine building 
as do our engineers in this country. 


But I will not enter further into the 
discussion on the relative merits of 
British and foreign locomotives, as the 
subject was so fully dealt with in the 
last issue of this Magazine by much 
abler authorities than myself. 

The runs described in this article were 
not specially arranged in any way. I 
had permission from the various loco- 
motive superintendents over whose lines 
I travelled to board any engine I cared 
to. The speeds here recorded, therefore, 
are quite ordinary, and, in some cases, 
possibly below the average. It will thus 
be seen that the British locomotives do 
not hold an inferior position in the matter 
of speed after all. They make no fuss 
about moving a 350-ton load at a milea 
minute, and on some of the runs here re- 
ferred to, over favourable strips of road, 
speeds of from seventy to seventy-five 
miles an hour were maintained. All the 
engines describedin this article work their 
trains every day over some portions of 
their journeys at over sixty miles an hour. 


York to Newcastle. 


A splendid example of British practice 
is shown in my first illustration. It is 
the latest type of express passenger 
locomotive designed by Mr. Wilson 
Wordsell, locomotive superintendent of 
the North Eastern Railway. 

These engines are purposely built for 
working the heavy East Coast express 
passenger traffic between York and 
Edinburgh. They are six-wheeled 
coupled with a four-wheeled bogie in 
front. The coupled wheels are 6 ft. 84.1n. 
in diameter. The cylinders are placed 
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outside the frames, and are 20 in. dia- 
meter, with a stroke of 26 in. The 
barrel of the boiler is 15 ft. 10} in. long 
and 4 ft. g in. diameter outside. The 


firebox is 8 ft. long, with a grate area - 


of 23 sq. ft. The working pressure 
is 200 1b. per square inch. The engines 
are designed to work trains equal to 
twenty carriages loaded, and to run 
1244 miles at 53 miles per hour without 
a stop. The weight of the train behind 
the tender will vary from 350 to 375 
tons. It will thus be seen that the work 
these engines are required to do is of 
the heaviest and fastest description. 

On the 26th February last, at York, I 
got on the footplate of engine No. 2001 
(sea) Pien1), with Driver ]..J.. Pickering 
in charge. We were to work the two 
o'clock Scotch express through to New- 
castle without a stop, a distance of 805 
miles. The weight of the train was 
nearly 300 tons. Starting punctually at 
schedule time, the engine took charge of 
her load with the greatest ease, and 
within a few minutes of leaving the 
station was moving at a mile a minute. 
On short stretches of the road _ this 
speed was considerably increased, but 
I was unable to correctly record the 
best single mile we did. Suffice it to 
say that, running against a stiff wind 
and over heavy gradients, we covered 
the first forty-five miles in forty-seven 
minutes.* This is a phenomenal per- 
formance in express working, con- 
sidering the load and the character of 
the road, and the reader must bear in 
mind that this is not an occasional 
performance, but is now done every day 
withthe Scotchexpress trains on this line. 

No trouble was experienced in main- 
taining a uniform boiler pressure or in 
respect to the heating or otherwise 
of frictional parts. Exhaust-steam 


* Though no attempt has been made to tabulate in 
proper form the data obtained on these runs, yet the 
greatest care has been taken to ensure accuracy where 
speeds are given, the times in each case having been 
recorded by two “‘ Benson” watches.—The Author. 


459 


combination ejectors (Davies and 
Metcalfe’s patent) are used for boiler 
feeding, and they appear to do their 
work most satisfactorily. We arrived 
within some two miles of Newcastle a 
few minutes in advance of the scheduled 
time, but were there, unfortunately, 
“held up” by a signal, which succeeded 
in turning our gain into some minutes’ 
loss. 
Newcastle to Edinburgh. 

At Newcastle I changed on to engine 
No. 2008 of the same class, which took 
the train on to Edinburgh. On this 
part of the road also we did excellent 
time, averaging over fifty miles an hour, 
including one stop of five minutes at 
Berwick. Gradients of 1 in 96 for about 
five miles and others of I in 150, 1 in 
170, and I in 200 are met with on 
different parts of the line. 

One of the drivers remarked to me, 
‘‘T can not only usually maintain the 
schedule time, but have a little to spare.” 
This confidence, in drivers, in the capa- 
bilities of the engines under their charge 
is in my opinion one of the greatest 
compliments that can be paid to a 
locomotive superintendent. 


Glasgow to Carlisle. 


One of my most enjoyable runs was 
on the Caledonian Railway on one of 
Mr. John F. M‘Intosh’s ‘‘ goo” class 
engines. This splendid engine is illus- 
trated in Fig. 2. Her principal dimen- 
sions are :—Coupled wheels, 6 ft. 6 in. ; 
cylinders, 1 ft. 7 in. diameter, with a 
stroke of 2 ft. 2 in.; working pressure, 
180 lb. per square inch; weight of engine 
and tender in working order, 96 tons. 
With a heavy corridor train we soon 
got clear away, and almost as soon 
as the last carriage had cleared the 
station the driver began to ‘notch 
up,’ so well did the engine have her 
load in hand. As most of my readers 
are probably aware, some exceedingly 
heavy gradients are met with on this 
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FIG. 2.—LATEST TYPE OF CALEDONIAN RAILWAY EXPRESS ENGINE, DESIGNED BY MR. JOHN F. M‘INTOSH,. 


line, but this engine negotiated them in 
splendid fashion. The driver—I have 
unfortunately forgotten his name—was 
one of the most expert I have met. He 
seemed to know exactly what his engine 
was capable of, and she worked lke a 
watch under his hands. We left Glasgow 
at 2 p.m., and arrived at Carlisle at 
4.13, having covered a distance of 1024 
miles. Considering the difficult character 
of the road and the heavy train we 
worked, that must be considered a very 
creditable performance. 


Marylebone to Leicester, 


On the Great Central Railway Mr. 
J. S. Robinson, locomotive superinten- 
dent, accorded me runs on two types of 
the Company’s express engines—one 
a single-driver of Mr. Harry Pollitt’s 
design, and the other a four-wheel 
coupled type. I boarded the former, 
No. 967 (shown in Fig. 3), at Marylebone 
Station on the 15th March last for a run 
to Leicester, Driver C. Prosser being in 
charge. We started punctually at Io a.m., 
and reached Harrow, 9 miles 19g chs., at 
10.15; Rickmansworth, 17 miles, 10.25; 
Amersham, 23 miles, 10.37, all uphill 
work ; Aylesbury, 37 miles, 10.53 ; 
Quainton Road Junction, 44 miles, 11.2. 
This left, according to schedule time, 
but 63 minutes for the next 58 miles 
and 57 chs. We covered it as follows: 


Brackley, 59 mules 21 chs., I1.19; 
Woodford, 69 miles 6,.chs., 11.31; 
Rugby, 83 miles 18 chs., 11.45; Leices- 
femedOsniniles echs... 12.5 noon, 1the 
steepest gradient between Quainton 
Road and Leicester being about 1 in 
[70s melMisnis i consider, a, very. 200d 
working, taking into consideration the 
difficult road and weight of train—.e., 
nearly 200 tons, for a_ single-driver 
enpine with -7 (fit. g “in. wheels, on 
an average consumption of fuel of 
rather less than 30 1b. per mile. I am 
rather of opinion that the first 38 miles 
of road from Marylebone is_ scarcely 
suitable for this class of engine, as in 
some places the gradients are very 
severe, varying from 1 in 80 to I in 
120, with very sharp curves and junc- 
tions, which cause the speed to be 
restricted — at Rickmansworth and 
Aylesbury to to miles an hour, and 
at Quainton Road to 15 miles. I was 
exceedingly pleased with the behaviour 
of the engine, and consider it one of the 
easiest riding engines that I have 
experienced. ‘That it will do admirable 
work under the right conditions is shown 
by the fact that we covered a seven-mile 
level stretch in 54 minutes. 


Leicester to Marylebone, 


At 12.55 I got on the footplate of a 
four-wheeled coupled engine, No. 865 
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(driver, W. Chappells), and started on 
the return journey. Notwithstanding a 
bad check at Rugby, we did the first 
45 miles in 484 minutes ; passed Quain- 
ton Road, 58 miles 59 chs., in 66 
minutes; Quainton Road to London, 
44 miles, in 64 minutes. On the latter 
section we were nearly stopped at 
Harrow, and reduced speed at Ayles- 
bury and Rickmansworth. This seemed 
to me to be the better class of engine for 
working the Leicester to London road. 


London to Cambridge, 


To Mr. Holden, of the Great Eastern 
Railway, I owe one of my most plea- 
surable experiences on the footplate. 
On January roth last, at g.11 o'clock, 
I boarded engine No. 1898 (here 
illustrated) at Liverpool Street She 
was due to start at that time, and with 
steam blowing off at 160 lb. away we 
went. The patient reader’s attention 
is directed to the diagram show ng the 
gradients we had to encounter. Leaving 
behind Bishopsgate Street, we nego- 
tiated a short stretch of 1 in 70 with the 
greatest ease, passing in turn Bethnal 
Green Junction, Cambridge Heath, and 
other stations until Tottenham was 
reached. By this time, and under the 
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guidance of Mr. Bell, one of Mr. 
Holden’s able assistants who accom- 
panied me, I had begun to realise some- 
what the extent of the progress made 
by Mr. Holden in burning liquid fuel. 
But it is unnecessary for me to go 
into the subject here, for the reason 
that Mr. Holden has himself dealt 
with his system in my last number. 
Some few impressions, however, might 
not be uninteresting. Perhaps the 
first thing that forcibly strikes the 
footplate visitor is the disuse of the 
shovel, with its accompanying dirty 
and back-aching labour. How those 
firemen must bless their  superin- 
tendent! Instead of having to shovel 
on coal every few minutes, the fireman 
has but to regulate with two valves the 
supply of fuel and draught according to 
the head of steam he has and requires. 
Little wonder is it then that with the 
absence of the dust and work which 
attends the use of coal-fuel the interior 
of the cab should be kept ‘“‘ spotlessly ” 
clean. And so it is. In fact it would 
not be too much to say that so free from 
dust and dirt is the cab of Mr. Holden’s 
engine that a delicately-attired lady 
might take a couple of hours’ ride on 
the footplate without soiling her dress. 


FIG. 3.—SINGLE-DRIVER EXPRESS PASSENGER LOCOMOTIVE, GREAT CENTRAL RAILWAY. 
DESIGNED BY MR, HARRY POLLITT. 


Runs on High-Speed Locomotives, 


The changing of somecoaches detained 
us at Tottenham until ten minutes past 
the scheduled time, and if you refer to 
the diagram you will see the kind of 
road before us for the next thirty miles 
over which we were to endeavour to 
make up time. But we got away pretty 
smartly, and soon settled down to good 
work, the engine standing up to those 
stubborn gradients in excellent style, 
easily maintaining her 160 Ib. of steam 
the whole way. When we reached 
Elsenham, notwithstanding grades of 
I in 107, etc., we had regained two of 
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firebox of engine No. 1898 was so 
complete that practically no smoke, 
smell, or residue were given off. And 
this was not only in the open, but also 
in the two tunnels through which we 
passed, where smell could readily have 
been detected on the footplate had 
there been any. Mr. Holden has made 
a distinct advance in locomotive practice, 
and deserves well of his time. 


Paddington to Swindon. 


I made this run on one of Mr. 
W. Dean’s well-known single-drivers 


FIG. 4.—TWO*WHEELS COUPLED EXPRESS LIQUID FUEL LOCOMOTIVE, GREAT EASTERN RAILWAY. 
DESIGNED BY MR. JAMES HOLDEN. 


those ten minutes. The rest of the run, 
so far as gradients were concerned, was 
principally in our favour, and so we 
should have picked up the greater part 
of the lost time had we not had to reduce 
speed over a section of the road that was 
being repaired. As it was, we reached 
Cambridge at four minutes behind 
the scheduled time, having gained six 
minutes since leaving Tottenham. A 
very strong objection to the use of liquid 
fuel on steamships is the strong smell 
which it occasions, and I was curious to 
observe what the result was in this con- 
nection on locomotives. I was agree- 
ably surprised. The combustion in the 


(Fig. 6). The day was a very bad one 
for fast running, the rails being very 
greasy, and a strong head wind blowing, 
just the worst kind of weather for an 
engine of this type. With a fairly 
heavy load we left Paddington at 3.15 
p.m., and though we experienced a great 
deal of slipping, we had put on a speed 
of nearly 60 miles an hour when we 
reached Acton. Unfortunately for the 
run, a few miles of the road was being 
relaid a little distance past Ealing, and 
over this part we had to reduce speed to 
1o miles an hour. Here we lost eight 
minutes, but notwithstanding the wet 
rails and consequent occasional slipping, 
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somanv9  —a we were soon getting the time back 
again, and should have reached Swindon 
at the schedule time, 4.42, but were 
delayed by a signal just before entering 
the station. Notwithstanding the severe 
conditions, steam was easily maintained 
the whole distance, and I can now 
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SINGLE-WHEEL EXPRESS PASSENGER LOCOMOTIVE, GREAT WESTERN RAILWAY. 
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FIG, 5.—DIAGRAM SHOWING GRADIENTS ON THE LINE FROM LIVERPOOL STREET TO CAMBRIDGE, 


understand why this type of engine is 
such a favourite amongst G. W. R. 
drivers and firemen. 
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(Continued from page 222.) 


—Several devices have been in- 
troduced for obtaining the double 
action with one motion. Two of these 
are illustrated in Fig. 50. 
Pagina THES. 

In the earlier days of engineering, 
large quantities of similarly turned arti- 
cles were not, as now, required; there- 
fore, the type of machine evolved at that 
time was one that could be used for a 
variety of work, and the chief object 
sought was general adaptability. 

When the need arose for the produc- 
tion of many similar articles at low cost, 
manufacturers, adapting the machine to 
their requirements, fitted stops to the 
slides so that unskilled labour might 
successfully do the work of turning; 
but to produce a complete article this 
often meant a number of chuckings. 
This system of working may still be 
found in some factories. 

As a further improvement on sucha 
method, the turret form of tool-holder 
was introduced, and that developed into 
the type of turret lathe with which we 
are now familiar. It will thus be seen 
that the modern turret lathe is purely a 
development of the turning lathe brought 
about by the necessities of modern manu- 
facturing. The requirements of this 
type of lathe have already been set forth 
in paragraphs (7) to (0), and will now be 
further considered. 
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Chucks for Turret Lathes.—There seems 
to be some difficulty in designing a 
chuck which shall comply with all the 
requirements of paragraph (7), especially 
when the bar to be operated upon is 
over one inch in diameter. The usual 
thing is some form of collet-chuck, as 
Fig. 51, together with which is combined 
a device for obtaining a mechanical 
advantage and securing a tight grip. 
The most favoured method of operating 
collet-chucks is by the combination of a 
pair of bell-cranks with a sliding cone. 
Other methods are by a system of 
wedges, by modification of the toggle- 
joint, and by differential screws. The 
combination of wedges is well exempli- 
fied in the Pittler chuck, where there 
are three wedges arranged in series, to- 
gether with a rack-and-pinion, Fig. 52. 

A powerful chuck of simple form has 
been adopted by The Wolseley Co., in 
which toggle-joints are introduced to get 
a tight grip, Fig. 53. 

That applied by Ward (Fig. 54) to 
their larger type of turret lathes is a 
combination of toggles very similar to 
that introduced by Jones and Lamson 
in their flat-turret lathe. 

Alfred Herbert has introduced the 
principle of the differential-screw in his 
patent power-operated chuck, which is 
simple in action, requiring but little effort 
on the part of the operator, Fig. 55. 

The drawing of this chuck, which is 
a sectional plan, requires some explana- 
tion :--Upon the end of the mandrel A 
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FIG, 50.—COMBINED NUT-RELEASE AND QUICK-WITHDRAW (HUMPAGE, 
JACQUES & PEDERSEN). 


the body of the chuck B is screwed. Its 
outer extremity is bored to the necessary 
taper to receive the split collet I, and at 
its inner end there is an enlarged portion 
cut with teeth to form a spur wheel at C. 
This spur wheel continuously engages 
the pinion D mounted upon the spindle 
L and free to revolve. Upon D a steel 
cone E is securely fixed. This forms 
part of a double cone friction-clutch, the 
other parts of which are the spur wheel 
F bored right 
and left with 
internal cones, 
and the cone 
K which is 
securely fixed 
to the casing. 
The wheel F 
1S firmly 
mounted upon 
the spindle L 
and constrain- 
ed to move 
longitudinally ,-- 
as required by 
Lag Wel se neelis¥s| 
pinion me- 
chanism com- 
municating Oe! eee 
with an exte- 
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rior handle. 
The teeth of 
the wheel F 
continuously 
mesh with 
those ofa 
wheel G that 
forms part of a 
sleeve which is 
screwed upon 
the exterior of 
the chuck body 
B with a right- 
handed thread. 
This sleeve G 
is also thread- 
ed upon its ex- 
terior with a 
right-handed thread of slightly coarser 
pitch, and upon it is screwed the cap H. 
It will be seen that if the cap H may 
only rotate at the same speed as the 
chuck body, which it is forced to do by 
the constraint of the small screw M, 
because the latter passes through the 
cap into a slot cut in the body B, and 
also if the sleeve G is caused to revolve 
at a different speed, the cap HL will 
receive a longitudinal motion in respect 
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Fig. 51 (Ward). 


Fig. 93 
(Wolseley). 
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FIGS. 5I TO 53.—COLLET-CHUCKS. 
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to B according to the difference in pitch 
of the screw threads upon the exterior 
and interior of the sleeve G. In this 
way the collet is closed. 

To operate the chuck, the handle is 
moved so that F is pressed to the cone 
E, when, as the diameter of wheel F is 
greater than that of D, the sleeve G will 
rotate faster than the body B, thus 
causing the collet I to be forced home by 
Ficsed elt m@unthe other hand, it Fis 
pressed to the stationary cone K, the 
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chuck locks itself in any position, thus 
allowing greater variation in the size of 
the stock than the others and therefore 
more nearly approaching the require- 
ments of paragraph (7). 

Stock Feed.—With regard to (7), the 
feeding forward of the stock quickly, yet 
without shock, is a matter of importance. 
For light stock, a cord and hanging 
weight are satisfactory; but when a 


weighty bar of metal is to be fed for- 


ward, the inertia of the bar is too great 


Fig. 54.—Chuck for 9-inch Flat-Turret Lathe (Ward). 
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sleeve is held at rest while B and H con- 
tinue to revolve and the collet is opened. 

With this chuck there is a greater 
range of motion than usual, which makes 
it possible to use rougher stock. More- 
over, for large work, an exceedingly 
tight grip may be obtained with little 
effort on the part of the operator. 

The chief fault of most of the collet- 
chucks is, that the actual movement of 
the collet is small; and, moreover, as 
they must be moved to a given point 
to lock themselves, they allow of little 
variation in the size of the stock used. 
Consequently, as ordinary rolled stock of 
large sizes varies considerably in dia- 
meter, these chucks at times give trouble. 
The above-mentioned differential-screw 


for such an arrangement to operate 
quickly yet without shock, so either a 
hand- or power-feed is necessary. De- 
signs of hand-feed are shown in the 
illustration, Fig. 56. To manipulate 
heavy stock, power-operated mechanisms 
have been fitted by several firms to their 
machines (Figs. 57 and 58). 

Fig. 57 shows two rollers, A A, pressed 
against the stock by springs. These 
rollers are rotated by worm-gearing at 
B B, and a right and left-handed worm 
and a helical gear C are on each side of 
the feed-box. Upon the back of the 
box, a loose ring D is fitted, having cut 
upon its side helical-gear teeth E. These 
teeth mesh with the helical-gears C upon 
the worm-spindles, and thus, if the ring 
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is held stationary while the gear-box 
rotates with the spindle, the worms will 
revolve and feed the stock forward. To 
arrest the rotation of ring D when re- 
quired, a series of indentations are cut 
in its circumference, into which the ends 
of a trip lever F may fit. To facilitate 
the quick action of the feed, the trip 
lever is operated by a rod from the 
handle which works the chuck, thus, 
immediately the chuck is released, the 
feed gear is set in motion. 

The above feed motion very closely 
resembles that first introduced by 
Messrs. Jones and Lamson, but that 
shown in Fig. 58 is different. It will be 
seen that rollers A A, with the worm- 
wheels B B, are carried in castings and 
swivel around the worm-spindles C C. 
These spindles protrude through the 
back of the feed-box, and have upon their 
protruding parts small spur-gears D, 
which mesh into an angular-gear E. 
This gear is keyed to the brake-wheel F, 
and that in turn rides loosely upon the 
boss of the gear-box. A strap surrounds 
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the brake-wheel, and, by putting it in 
tension, the wheel is brought to rest, 
when, if the spindle is in motion carry- 
ing the gear-box with it, the rollers are 
caused to rotate. 

Turrets.—With regard to paragraph 
(k) respecting the design of turrets, the 
author holds the opinion that the ten- 
dency in the construction of turret-lathes 
has been to place too narrow a limit 
upon the possibilities of the machines. 
This limit is occasioned by the type of 
turret and the consequent form of tools 
that have been necessary, the possible 
length of work being too short and the 
size of the cut too small. 

The flat-turret lathe introduced by 
Messrs. Jones and Lamson in 1891, 
correctly known as the ‘‘Hartness” 
flat-turret lathe, was one that was in 
itself a distinct change and an improve- 
ment in turret lathes for producing 
long work. This machine is illustrated 
in Figs. 59,°60, 61 and 62.5 ieaeae 
is a sectional elevation of the head- 
stock, and Figs. 60, 61 and 62, show 


Fig. 55 —Power-operated Chuck (Herbert), 
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Fig.,56.—Stock Feed and Chuck Mechanism (Herbert). 
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of the turret and its 


various details 
mechanism, 
‘‘Fartness”” Lathe.—Upon examining 
Fig. 59 [we see that there are several 
distinguishing features, the most im- 
portant of which is the construction of 
the turret. A traversing carriage fits 
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upon the bed, along which it may be 
traversed by hand or power. Upon the 
carriage there is fitted a low form of 
turret, which is little more than a flat 
plate. The details of this are clearly 
shown in the various views. It will be 
seen that the turret centres upon a pin 


470 


A (Fig. 61), connected with the carriage; 
but it is held in position by the gib-ring 
B B, that fits into a groove turned in 
the circumference of the turret. The 
locating bolt C is placed immediately 
below the tool position, and it 1s of sub- 
stantial form, fitting into hard steel 
bushes. 

For the purpose of withdrawing the 
locating bolt, a lever D is fulcrumed at 
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turret plate, and upon its circumference 
there is cut a limited number of teeth 
extending about one half of it. On the 
upper part of this ratchet ring the 
ratchet teeth are cut. Carried by the 
turret, in a suitable position for engaging 
with this ring, there is a spring-actuated 
bolt which serves as a pawl J. The side 
of the bar G is cut with teeth as a rack, 
so that when it is pressed forward and 
releases the locking bolt, it also 
rotates the ratchet ring and 
carries the turret with it. To 
arrest the turret in position to 
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receive the locating bolt,a spring- 
supported catch K engages the 
end of a screw L protruding 
through the turret plate. 

The end of the bar G at M 
is shaped to receive a pair of 
spring clips N (Fig. 62) secured 
to an adjustable stop-rod O, and 
the object of this arrangement is 
to regulate the position at which 
the turret shall be caused to 
rotate. Thus, when traversing 
the turret away from the head- 
stock, the bar G comes in con- 
tact with the stop-rod O, the 
spring-catches N taking hold. 
A further movement first causes 
the bolt to be withdrawn and 
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one end upon the carriage beneath the 
turret, and its other end enters a recess 
in the locating bolt. A spiral spring 
beneath the bolt continually pushes it 
upwards, so that, to release the turret 
for rotation, it is merely necessary to 
press down the lever D. For this pur- 
pose a circular pin E is attached to the 
side of D, and thisis engaged by a small 
trigger I’, carried in the end of the bar G. 

For the purpose of rotation, a ratchet- 
ring H encircles the central boss of the 
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then the turret to be rotated. 
Now, upon reversing the move- 
ment of the carriage, the bar M 
tends to leave O, but the catches 
N offer sufficient resistance to 
pull back the bar G, returning the 
ratchet-ring to its original position. 
The cutting traverse is effected by 
mechanism within the apron on the 
carriage front, power being obtained 
from a traverse-shaft. An independent 
traverse-stop is provided for each tool. 
See also Figs. 61 and 62. Six adjust- 
able trip-bars are let into the top of the 
bed at P. Immediately above these bars 
and within the carriage are six triggers, 
fulcrumed upon a pin at Q. Each of these 
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triggers is armed with a piece of bent 
wire R standing upwards and coming 
into contact with the outer edge of 
theturret. Their lengths are so adjusted 
that normally, as they touch the turret, 
it holds the triggers out of contact with 
the bars P; but in certain places upon 
the turret flange slight depressions S 
(Fig. 60) are cut to receive the end of 
one of the wires R. In this way the 
particular trigger corresponding to either 
tool is allowed to come into action for 
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carrying two spur-wheels 5 and 6, and 
upon the other end, there is a single 
wheel 7 that gears with the one upon 
the mandrel. The shaft 4 has its bear- 
ings eccentrically placed within an oscil- 
lating sleeve 8, so that according to the 
position of the sleeve, the wheels 9 and 
Io may either mesh with the correspond- 
ing wheels 5 and 7 or vice versd. The 
oscillation of the sleeve at the same time 
actuates the clutch 3, for which purpose 
a segmental cam is placed upon the 


FIG. 63.—WARD’S Q-INCH FLAT TURRET LATHE. 


the purpose of stopping the traverse. 
i omthemitipeereenvacessthe rod P.. it 
causes the rod T to draw back the catch 
U, which, in turn, releases the traverse 
mechanism. 

Three speeds are obtainable at the 
mandrel without movement of the belt 
by two sets of back-gear, which, by 
ingenious arrangements, may be brought 
into action without stopping the machine. 
Friction-cones are placed within the 
cone-pulley and the driven gear at W W 
(Fig. 59), and they are brought into 
action by the toggle-links X over which 
the sleeve Y is caused to slide. There 
are two back shafts, 1 and 4, placed 
beneath the headstock. Upon the first, 
at one end, there is a loose sleeve 2 


sleeve at 11. Thus the handle move- 
ment oscillating the sleeve puts the 
additional back shaft into or out of 
action, and, at the same time, couples 
up or breaks the connection by the aid 
of the claw-clutch 3 on the first shaft. 
The chuck and stock-feed mechanism 
are both ingenious, and are similar to 
those shown in Fig. 54 and Fig. 57. 
The lead given by Jones and Lamson 
has been followed directly by Ward, 
the latter design having some important 
improvements, the chief of which is 
the feed-change mechanism already 
described. The automatic traverse is 
by a lead-screw that may receive forty 
different speeds relative to the spindle. 
For the sake of the working of the 
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automatic trip-gear, the connection of 
the saddle to the lead-screw is made by 
a half-nut A (Fig. 66) mounted within 
the saddle apron. Springs B B are pro- 
vided, the continued tendency of which 
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stop-motion and trip-gear resemble the 
‘‘Hartness”’ arrangement already de- 
scribed. The trip-lever E (Figs. 64 and 
65) is moved by the stop-triggers F, 
which cause it to disengage a catch at 


9-inch Flat-Turret Lathe, with Combination Change-Gear (Ward). 


6 9 Feet 


Fig. 65. 


Details of Automatic Trip Gear of above Lathe. 


Fig. G6. Details of 9-inch Flat-Turret (Ward). °* 


is to withdraw the half-nut away from 
the screw; but the movement causing 
it to mesh with the screw is obtained 
by a small crank C connected with a 
handle D at the apron-front. The 


G upon the spindle connected with the 
release-nut A. Thus, when the handle 
D is raised, the small crank C lifts the 
half-nut A engaging it with the lead- 
screw, and the trip-lever E engages 
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with the catch upon the spindle be- 
tween the handle and crank holding 
the nut engaged and the springs in 
tension. 

The Swedish Universa! Turret Lathe has 
the turret rotating about a horizontal 
axis, which is mounted upon a cross 
slide. With this turret there are inde- 
pendent stops for each tool brought 
into position automatically by the same 
movement which rotates the turret. 
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containing the mechanism or automatic 
traverse. 

A neat detail is the automatic trip- 
gear which stops the traverse for each 
tool independently at such place as is 
required. It consists of six bars A A 
laid in the bed, a piece being cut out 
near their ends at B,and mounted upon 
a cross rod C within the turret are six 
triggers D. Five of these triggers are 
always out of action, as only the one 


FIG, 67.—HEXAGON-TURRET LATRE (HERBERT, NO. 6). 


Details of a Hollow Hexagonal-Turret 
Lathe are shownin Fig.68. The turret 
is hexagonal that tool holders may be 
bolted upon the flats, the cutting tools 
coming close to the turret face, so that 
there may be little overhang. The bar 
being turned may pass through the 
hollow turret and the possible length is 
thereby increased. The turret is directly 
mounted upon a saddle which traverses 
along the lathe bed. The location bolt 
comes immediately below the flat of the 
turret carrying the tool in action. To 
the front of the saddle an apron is fitted 


corresponding to the cutting tool is free 
to trip the traverse. 

In the sectional elevation, a small rod 
E may be seen to be placed in a hole 
drilled through the saddle, its lower end 
resting upon the trigger. Its length is 
so adjusted that when the flat bottom 
of the turret is over the hole the small 
rod keeps the trigger out of action. 
Each trigger is provided with such a 
rod as this, and in the bottom of the 
turret suitably situated are shallow re- 
cesses F F, so that when one of them 
comes over a snall rod E it leaves the 
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trigger free to engage with the catch B 
in the stop-rod. The automatic travers- 
ing motion is given to the saddle from 
a traverse rod by worm gearing. The 
worm is carried in a tumbler G which 
has an arm projecting upwards inside 
the apron at H, and upon its top there 
is a projecting piece I that engages with 
a catch J on the cross-rod C. It will be 
seen that upon either of the triggers 


FIG. 68.—HOLLOW HEXAGONAL-TURRET 
(HERBERT, NO. 2A). 


engaging a stop-rod the cross-rod C is 
arrested, releasing the projecting piece 
I, thus allowing the tumbler carrying the 
worm to drop out of action. 

Details of the Cross-Turret Lathe, as 
shown in Fig. 69, have many novel points, 
the chief of which is the method of 
mounting the turret. The part of the 
lathe-bed supporting the turret saddle is 
set back out of the line of the spindle 
centre, so allowing all metal cuttings to 
fall clear of the ways. The stops are 
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carried by a plate at the rear which 
rotates with the turret, to bring the stops 
into position as the corresponding tools 
come into action. The rotation is effected 
by a rack that drops into gear with a 
spur-wheel mounted upon the turret- 
spindle when the locking-gear is with- 
drawn. The worst feature about this 
turret is that the cutting pressure is 
wholly sustained by the locating pin. 

Inclined-turret lathes have been designed 
for working upon large castings. Each 
of these are new tools, in which the 
details of design seem to comply with 
all of the requirements of turret lathes 
excepting paragraph (0), which does not 
apply to this type of machine. 

The work usually turned upon these 
machines often necessitates the use of 
long overhanging tools, such as boring 
bars, reamers, etc. The turret is there- 
fore set over into an inclined position 
that these long tools may clear other 
parts of the machine. The one illus- 
trated in Figs. 67 and 34 is a good 
example of the type. The headstock is. 
provided with double friction back-gear, 
giving nine different speeds of spindle 
with one speed of counter-shaft. The 
chasing-screw receives its motion from 
the train of gears illustrated in Fig. 34, 
which may be combined with further 
change wheels to obtain the required 
number of threads perinch. ‘There are 
two turrets, the main one, which is 
inclined and is carried upon a_ special 
saddle, is more especially intended to do 
the internal work upon castings, while 
the second turret, with four tool places, 
works upon the exterior of the casting. 
The automatic traverse for both these 
turrets is obtained from a splined-shaft 
which will be seen in Fig. 67, below the 
chasing-screw. In the mechanism for 
giving the traverse to the second turret, 
there are two tumblers, each with a pair 
of spur-wheels and a worm, swivelled 
about the splined-shaft, with handles. 
protruding beneath the apron to the 
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Fig. 70.—Worm-Gearing for Turret Traverse (Herbert). 
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front. By lifting one of these handles, 
either the longitudinal or the cross 
automatic-traverse is put into action. 
When the automatic stops engage the 
stop-rod, the retaining trigger which 
holds the tumbler in place is released, 
allowing the tumbler to drop out of 
action. The mechanism for the inclined 
turret is similar in construction to that 
above mentioned. The trip-gear for this 
turret is similar to that described in 
Fig. 68. A three-speed-gear is shown in 
Fig. 35, by which the splined-shaft can be 
given three speeds for each position of 
the belt on the speed cone at the end of 
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the spindle, thus nine speeds of tool 
traverse may be given. 

Turret Travevse—Paragraph (m) re- 
quires that provision should be made for 
both quick and steady motions. For 
light turrets a lever or a rack-and-pinion 
motion, with capstan handles, may be 
satisfactory; but when getting to heavier 
work some other means of traversing 
the turret must be introduced. _ For this 
purpose the worm-gearing in Fig. 70 is 
very useful when applied to heavier types 
of turrets that have hand traverse, as 
it enables a steady motion to be given. 
For still heavier machines, power- 
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CHASING SADDLE, 9g IN. CAPSTAN LATHE (WARD). 
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operated traversing gear—such as those 
described—becomes a necessity, together 
with some form of automatic tripping- 
mechanism. It is rarely, however, that 
we find a quick-motion traversing-gear 
introduced for the purpose of changing 
the tool positions. 

Cross Slide.—W ith regard to the re- 
quirements of paragraph (7), the cross 
slide referred to is of simple construction, 
suitable for the lighter types of turret 
lathes, in which all screwing may be 


Fig. 74. Chasing Saddle. 
Capstan Lathe (Herbert, No. 5) 


done with dies, and the forming opera- 
tions are simple. 

When, however, the cross slide is 
intended to act as a chasing saddle, its 
construction must be modified and its 
length made greater. The chasing 
saddle illustrated in Figs. 71, 72, and 73 
is fitted by Ward to their g in. capstan 
lathe. It will be seen to have a chasing- 
nut of simple form detailed in Fig. 73. 
There is an interesting trip-motion for 
automatically checking the power cross- 
traverse. A train of gears, shown in 
Fig. 71, terminates at the spur-gear A 
which rides loosely on the cross-traverse 
screw. A sleeve B is also fitted to the 
same screw, but a feather key prevents 
its rotation. . The end of this sleeve is 
formed into aclaw-clutch so that it may 
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mesh with claws upon the side of the 
spur-wheel A, and there is a spring 
placed between the two tending to keep 
them separated. When it 1s required to 
put the cross-traverse into action, the 
handle C is raised; this, through the 
medium of a short spindle and crank D, 
causes the sleeve B to slide along and 
make the claw-clutch engage. To re- 
tain this in position, there is a lever E 
with a hooked end which catches into a 
notch upon an enlarged portion of the 
spindle D. To throw 

the cross-traverse out 

of action, an adyjust- 
able stop F engages 

the lever E, lifting the 
hooked end and allow- 

ing the spring to put 

the clutch out of gear. 
The cross slide illus- 

trated in Fig. 74 has 

a special device for 
simultaneously with- 
drawing the chaser and 

the half-nut. It will 

be observed that the 
half-nut is attached to 

2% acast piece A, which, 
while stiffly attached to 
the saddle, is free to slide in a direction 
to and from the screw. A bracket upon 
its upper part embraces the cross-traverse 
screw. A small vertical spindle B has 
an excentric at its upper end and a han- 
dle Cat its lower extremity. According 
to the way in which the handle is moved, 
the cast piece A may be caused to 
slide to or from the lathe bed, carry- 
ing with it both the half-nut and the 
cross-traverse screw. Thus the especial 
requirement of paragraph (e) is fulfilled. 
Leader-Screws.—Paragraph (0) refers 
particularly to brass-working turret 
lathes for making such things as brass 
fittings, upon which much screwing has 
to be done. The practice in the past has 
largely been to provide a rocker-shaft 
at the back, with a chasing arm, the 


Light Lathes and Screw Machines, 


traverse of which is derived from a 
short leader-screw on the tail-end of 
the spindle; but the threads so pro- 
duced often vary considerably in size, 
owing to the spring of the arm. 

Dies are often out of the question, on 
account of the weakness of the material 
worked ; therefore, it seems to be the 
best practice to use a chasing saddle 
with leader-screw in a suitable position 
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requires some degree of modification in 
its adaptation to the screw machine, 
and it usually takes the form of a tube 
with a spring nose-piece carrying the 
stock, and to which movement may be 
given by acam motion. The variation 
in spindle speed should be such as will 
suit different kinds of material of all sizes 
within the machine capacity ; but there 
is difficulty in getting a sufficient number 
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for a release-nut to mesh with it. By 
using different screws for the various 
pitches, the wear will be distributed over 
a number of screws; and, moreover, the 
screws being short, they are not very 
expensive to replace when worn. This 
is the practice of several firms making 
turret lathes for this class of work. 


FULL AUTOMATIC SCREW MACHINES. 


Headstocks.—With regard to (p), the 
stock-feed, as used on turret lathes, 


of changes; consequently, as a rule, two 
speeds only are introduced, one suitable 
for turning at the larger sizes, and the 
other for screwing with adie. It isthus 
evident that if the machine is put upon 
brass of a size smaller than its maximum, 
the economy is doubtful. A discussion of 
either of the paragraphs (q)(7)(s) isscarcely 
possible without touching upon matters 
affecting the others. 


(To be concluded in the August Number.) 


THE PLAGE OF SCIENGE IN EDUGAMIOiS 


By Dr. HENRY T. BOVEY, Pres, Canadian Society of Civil Engineers, 


(Concluded from page 200.) 


F it be asked, what moral qualities 
are certainly cultivated by scien- 
tific work, the first that would be 

mentioned by most people is the love of 
truth. Now, while it is, of course, a 
fact that there may be a power of seeing 
truth without any corresponding love 
for it—which is the real moral quality— 
still, it must also be admitted that there 
are many people who think they have a 
love of truth, while in reality for want 
of the power of discernment, which 
science helps to teach, they may live a 
long life of self-deception, and swell the 
ranks of what we may call the ‘“con- 
scientious swindlers,’ who have been 
the bane of the Church and of Society. 
I may cite, as a practical illustration of 
the effect of scientific teaching, the 
testimony given to myself, by a teacher 
of an industrial class in New York, 
whose pupils were taken from the un- 
trained class—that the boys try to 
deceive at first, but soon give it up 
when they find that their statements 
have to square with their finished work, 
which speaks for itself. 

Neither does the benefit end here. 
The vision of truth, gradually unfolded 
before the inquiring spirit, tends to pro- 
duce humility and reverence, especially 
in great minds; as witness the often 
quoted words of Sir Isaac Newton about 
the grand ocean of truth lying undis- 
covered, while he was like a boy playing 
on the shore. ‘* Whatever service I 
have done the public,” he says, ‘‘is not 


owing to any extraordinary sagacity, 
but solely to industry and patient 
thought.” And these are the words of 
one, whose epitaph meets with universal 
consent for its conclusion, ‘‘ let mortals 
rejoice that there has existed such and 
so great an ornament of the human race.” 

Nor has the humility led to want of 
effort, but the very contrary. 

In such a man as Morse. for instance, 
when struggling against the apathy of 
an indifferent public; ‘it will be too 
late,’ said he to a friend who was com- 
forting him with the hope of help to 
come soon—‘‘I shall be dead then.” 
He had had no food for twenty-four 
hours, but fortunately it was the dark- 
ness before the dawn. Asin his troubles 
he had shown no bitterness, so in his 
successes he showed no pride, but an 
ever-deepening reverence, which found 
fit expression in the first telegram sent 
over this continent,—‘‘ What hath God 
wrought.” — 

Some, or all, of these qualities, may, 
it is true, be natural and not trained. 
These men were geniuses, perhaps, but 
when we look round at the ranks of the 
men of science, and see how many of 
them have shown courage and endu- 
rance, accuracy and conscientiousness, 
reverence and love of truth, can we 
doubt that our complex nature is 
moulded by the very resistance with 
which it meets into a smoother outline, 
and pressed by the weight of difficulties 
into finer structure. 
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But while we claim all these advan- 
tages, and many more, for a _ truly 
scientific education, may not those who 
still look upon science as a poacher in 
the preserves of the ancient classics, an 
unwelcome intruder into the regions of 
hterature and of philosophy, may they not, 
I say, claim with equal justice, that, as 
this scientific method may be apphed 
to all these studies, it must bring in its 
train most of the advantages I have 
enumerated as being the handmaidens 
of that stately damsel—science ? Per- 
haps, they may even add, that the 
scientific method, joined to the great 
intrinsic value of history and philosophy 
as educators, will gain instead of losing 
by its transfer to other soil. 

Well, grant that in history we learn 
the relation of cause and effect by the 
bitter experience of a French Revolu- 
tion,—a reaction from grinding tyranny 
—grant that we can gain a sense of 
proportion from a comparison of the 
results of the different forces which have 
moved nations, also that our power of 
judging is brought into continual exer- 
cise by the problems of policy, and by 
the moral issues which face us as we in 
imagination follow the lives and struggles 
of the makers of history. Let us allow 
that the relation in which we stand to 
our forefathers and their times is just 
as real and as important as is our rela- 
tion to the past forests of the carboni- 
ferous age, without which we would 
find it necessary to emigrate to a more 
torrid zone. And certainly we must 
admit that, if we want to train our 
memories by the accumulation of facts, 
we will find ample scope in history, and, 
I may add, in geography. 

Language, ancient and modern, will 
also supply us with much material for 
improving our memories. As it is Some- 
times taught, indeed, it amounts to little 
else, each new language supplying only 
another word to express the same idea. 
The scientific method being applied, 
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however, we at once begin to observe 
that the word in the new language is 
not an exact equivalent, that it covers, 
as it were, a little more or a little less 
ground, and then enters in the necessity 
for the selection of an equivalent. 

This necessity for a nice discrimina- 
tion in the choice of words, either in 
our own language or another, is one of 
the greatest possible helps to that clear- 
ness of thought which is so invariable a 
sign of a truly educated mind as to be 
almost a synonym for education. For 
the true use of words, if carried as far 
as it would take us, would guide us 
through every region of human know- 
ledge, and without right words, we must 
be lost in the unexplored lumber-rooms 
of our own brains. 

Comparative philology will  un- 
doubtedly bring in many educative 
influences, which will reveal much of 
the hfe of other nations, and words 
themselves, in their histories, are often 
epitomes of the course of thought— 
records of increasing clearness of vision. 

As Oliver Wendell Holmes says :— 
“Language is a solemn thing. It 
grows out of life, out of its agonies and 
ecstasies, its wants and its weariness. 
Every language is a temple, in which 
the soul of those who speak it is 
enshrined.” 

Classification and the reasoning 
powers will be needed in the proper 
study of the structure of the various 
languages. English, at least, offers a 
fine scope in this direction. A language 
in which, according to a modern gram- 
mar, an adverb is perhaps usually an 
adverb, but on occasion shown, can 
turn itself conveniently into an adjective 
or a preposition, should certainly turn 
out a nation of clear reasoners. 

The manifest educational advantages 
of literature are so often confounded 
with those of language even by educa- 
tors that it is no wonder if youth con- 
fuses them, and that the literature comes 
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im for its share in ‘the dislike of ‘the 
drudgery of language learning; no 
wonder that boys, who are popularly 
supposed to be learners in the school 
of taste, and embryo devotees at the 
shrines of noble thoughts, are really 
only learning to hate Horace and 
7Eschylus for not having had the fore- 
sight to say what they had to say in 
plain English. 

We cannot but see, however, that 
literature allows of the use of the scien- 
tific method in the department which 
is called criticism. That here there 
is room for observation, analysis, dis- 
crimination, comparison, judgment, and 
that, over and above this, that it extends 
our horizon, enabling us to read the 
thought and feel the emotions of men 
of other ages and other lands. 

Philosophy, in one sense, has exactly 
the same aim as science, namely, the 
search for truth, but it does not cover 
exactly the same ground; both search 
for truth, but not for the whole of truth. 

Science tries to find out the workings 
of the material universe, and philosophy, 
in the limited sense in which we usually 
employ it, z.e., mental and moral philo- 
sophy,— in this limited sense, I say, it 
tries to find out the workings of the 
human mind. 

In a great degree, also, both have the 
same method, so that actually the same 
words will describe the processes in 
both science and philosophy. 

Thus, Sir W. Hamilton says, ‘“ In 
Bacon and Descartes our modern philo- 
sophy may be said to originate, inas- 
much as they were the first who made 
the doctrine of method a principal object 
of consideration. They both proclaimed, 
that, for the attainment of scientific 
knowledge, it is necessary to observe 
with care,—that is to analyze; to reject 
every element as hypothetical, which 
this analysis does not spontaneously 
afford ; to call in experiment in aid of 
observation; and to attempt no syn- 
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thesis or generalization, until the relative 
analysis has been completely accom- 
plished. They showed that previous 
philosophers had erred, not by reject- 
ing either analysis or synthesis, but by 
hurrying on to synthetic induction from 
a limited or specious analytic observa- 
tion. They propounded no new method 
of philosophy; they only expounded 
the conditions of the old. They showed 
that these conditions had rarely been 
fulfilled by philosophers in time past; 
and exhorted them to their fulfilment 
in time to come. They thus explained 
the petty progress of the past philosophy, 
and justly anticipated a gigantic ad- 
vancement for the future. Such was 
their precept, but such unfortunately 
was not their example. There are no 
philosophers who merit so much in one 
respect ; none, perhaps, who deserve 
less in the other.” 

Philosophy can scarcely be said to 
train the observing powers, for the term 
‘‘observation”’ is usually limited to the 
training of the senses, especially the eye, 
to notice and distinguish material facts, 
but in a sense—and a very real sense— 
it does proceed from the observation of 
facts, for we can observe the characters 
and emotions of men singly or in groups, 
and observe them to some purpose. We 
read of Marlborough :—‘‘ The passions 
which stirred the men around him, 
whether noble or ignoble, were to him 
simply elements in an intellectual pro- 
blem which had to be solved’ by 
patience.” . . . “‘ There was a touch of 
irony in the simple expedients by which 
he sometimes solved problems which 
had baffled cabinets. The touchy pride 
of the King of Prussia made him one of 
the most vexatious among the allies, but 
all difficulty with him ceased when 
Marlborough rose at a State banquet 
and handed him—a napkin.” 

Napolean’s success, about which so 
much has been written, was also largely 
due to knowledge of men. 
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In philosophy, then, no less than in 
literature, we can discriminate and com- 
pareand judge; wecanclassify and finally 
generalise and try to arrive at an under- 
lying principle from which again we can 
deduce theories, for instance, of govern- 
ment or of education. We can even 
test these theories by true experiments 
carried out in as scientific a manner as 
possible. 

The conditions here are even more 
complex than in scientific experiments. 
It is much more difficult to determine 
what the facts are, very much more 
difficult to arrive at principles; so much 
so that one has said, ‘‘ When from the 
phenomena of life we pass to those of 
mind, we enter a region still more pro- 
foundly mysterious. . . . Science can be 
expected to do but little to aid us here, 
since the instrument of research is itself 
the object of investigation. It can but 
enlighten us as to the depth of our ignor- 
ance, and lead us to look to a higher aid 
for that which most nearly concerns our 
well-being.”’ 

The scientific method, then, can 
actually be applied to history, language, 
literature and philosophy—and we will 
even go further than this and admit 
cheerfully that there are certain things 
which science should never be expected 
to teach to the ordinary mind—and 
things of so much value that it would be 
one-sided indeed to exclude them from 
any well-balanced scheme of education. 

It is true that observation and imagina- 
tion play a great part in science, yet 
years of study of ornithology would not 
have taught any one to see the relations 
between a lark and a poet, which made 
Shelley sing in addressing his skylark, 

‘Like a poet hidden 
In the light of thought, 
Singing hymns unbidden, 
Till the world is wrought 


To sympathy with hopes and fears it 
heeded not.”’ 


It is true ‘‘that there is an infinite 
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miracle in every tuft of grass,” if we 
have only eyes to see it—it is true that 
science opens new vistas to the man who 
can feel the joy and peace of nature, 
who can draw inspiration from the wild- 
ness of its rugged hills, from the varied 
beauties of its flowering dales, from the 
ever-changing hues of the woods, from 
the rivers meandering through sunlit 
plains, from the constantly changing 
colours which play as it were on the face 
of the ocean, or from the loveliness of 
the June sky,—when 
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. Heaven tries the earth if it be in tune, 
And over it softly her warm ear lays.” 


It is true also that the telescope and 
the microscope have opened up to the 
student of science new worlds of marvel- 
lous interest and beauty, whose thres- 
hold we seem scarcely to have crossed, 
giving hints to the wise of what may be 
in the infinite beyond ‘the arras-folds 
that variegate the earth, God’s ante- 
chamber,” but we can hardly say that 
science actually trains the power of seeing 
beauty of form or colour—of perceiving 
the emotional force, as it were, of nature. 
This must come from a natural faculty, 
and according tothe best part of the teach- 
ing of the new German philosophy, ‘the 
gladness that men feel when they are in 
touch with the overflowing and intoxica- 
ting power of nature” is itself an impor- 
tant source of energy. As Coleridge 
puts it, 

‘‘Oh Lady ! we receive but what we give, 

And in our life alone does nature live.”’ 


If this power of visionisto becultivated 
it must be by means of some such studies 
as art, music, or poetry. 

There is another direction in which it is 
desirable to get a clearer definition. The 
great good which arises from the power 
given by science of verifying every obser- 
vation tends to make us exaggerate the 
service thus rendered, and to require that 
every kind of truth should be verified by 
thesame kind of proof. Tosuch anextent 
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is this carried that it causes some minds 
to refuse to accept any of the mysteries 
of the universe without absolute demon- 
stration—hence, from lack of exercise, 
their faculty of seeing with the inner eye 
is in danger of atrophy. 

Yet the fact that science will not teach 
faith is no proof that it is not a very real 
factor in the problem of life. And if it 
is—then it should be cultivated by other 
training—by opening our eyes to the 
relations of man to man, and of man to 
God, ‘‘if haply we may feel after Him 
and find Him,” by acting on the principle 
which we wish to believe until we feel 
the ground under our feet, or as the 
French saying has it, ‘‘ Au avant! et la 
fot te viendra.” 

Now, admitting then, as I have done, 
that the scientific method with its atten- 
dant advantages can be, and already 
nas been, in part, applied to many 
branches of learning, and admitting 
further that it will not teach everything, 
I would yet claim for the application of the 
scientific method to the teaching of science 
itself that by it certain results can be ob- 
tained which can be obtained 1n no other way. 
For example :— 

(1) In the first place, that we find the 
scientific method applied in every branch 
of knowledge involves, I think, the tacit 
acknowledgment that it is the best 
known method of study. This being the 
case, 1t becomes of great importance 
that the method itself should be studied, 
and that—where it can best be learned 
—in man’s laboratory and nature’s 
workshop, for, in practice, if this is not 
done, it is very difficult to ensure that 
the method will ever be learned at all, 
or that there will be any reasonable 
chance of its being applied to the other 
studies. In how many classes are litera- 
ture, history, and philosophy, and even 
science itself, merely crammed from 
books, and not studied in any proper 
sense at all! 

(2) Again, one of the most character- 
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istic features of the scientific method when 
applied to science is that it necessitates the 
careful training of the eye, the ear, and 
the hand—especially the hand—demand- 
ing a skill of manipulation, which tends 
to turn the man of thought into the man 
of action. We may rest assured that it 
does not mean nothing when we find the 
close association of great genius in works 
of the hand, with that wonderful practical 
capacity in other directions—in conquest, 
in laws and institutions, in government 
of men—which built up the Roman 
Empire. Experience has now shown 
that many minds are more easily ap- 
proached and more readily developed 
by the systematic exercise of the sense 
of touch than in any other way. ‘‘ Neither 
the naked hand nor the understanding 
left to itself can do much. The work is 
accomplished by instruments and helps, 
of which the need is not less for the 
understanding than for the hand.” Per- 
haps no more striking proof of this fact 
can be given than the statistics of the 
various manual training schools, from 
which we learn that an increasing army 
of useful citizens has been—I would 
almost say—created out of that class from 
which so little had been hitherto expected. 
(3) Thirdly, an advantage necessarily 
arising from the carrying out of the 
experiments required in so many depart- 
ments of scientific work is the develop- 
ment of a keen and accurate perception 
of the truth by the constant checking of 
results. Our thoughts at every stage 
are crystallised into facts, and we are 
prevented from wandering into the often 
too hazy regions of hypothesis, and what 
is frequently miscalled pure thought— 
into the kind of thing which the Scotch- 
man said was ‘no deep, but drumlie.” 
(4) Again, in experimental work, the 
cause and its results are brought into 
such close juxtaposition as to throw 
into the strongest possible relief the 
relation of cause and effect—the most 
fundamental in oursearchingsafter truth. 
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(5) The scientific method alsoinvolves, 
of course, that constant and _ steady 
accumulation of facts, erroneously looked 
upon by many as synonymous with 
science, but which is more truly regarded 
as the material of science. We can 
never tell what fact will prove the 
starting point of some fresh discovery. 

(6) Further, the learning of science 
fits a man directly to understand his 
environment, to cope with the every- 
day circumstances of his material sur- 
roundings, and therefore tends to develop 
in him common sense and practicality. 

(7 jelteoilets more scope forthe free 
exercise of the powers, always very 
stimulating to interest in the student, 
and incidentally gives to the educator 
better opportunities for judging the par- 
ticular bent of the character with which 
he has to deal. 

‘‘ Because,” says Plato,,‘‘ no trace of 
slavery ought to mix with the studies 
of the freeborn man. For the constrained 
performance of bodily labours does, it is 
true, exert no evil influence upon the 
body; but, in the case of the mind, 
no study, pursued under compulsion, 
remains rooted in the memory. Hence, 
you must train children to their studies 
in a playful manner and without any air 
of constraint, with the further object of 
discerning more readily the natural bent 
of their respective characters.” 

(8) Finally, although it is hardly true, 
as is so often alleged, that the training 
in literature and language does: not 
directly prepare a man for an imme- 
diately remunerative career—for what 
other preparation is considered necessary 
for the teacher, for the journalist, for 
the author, for the diplomat, or the 
politician ?—still, it is more often the 
case that the teaching of science will 
prepare a man directly for his after- 
career, and for the prosaic but very 
necessary duty of as soon as possible 
earning his bread and butter. 

Other points, such as the develop- 
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ment of the faculty of resourcefulness, 
to which I have before referred, might 
no doubt be mentioned, but if we con- 
sider the very manifest advantages now 
given as essential to our well-being, 
should tt not be our duty to vequire that 
science should be taught to every one ? 

Even after we have made up our 
minds how far science will and how far 
it will not help us in that development 
of the natural powers which is so large 
a part of education, we are still much 
hampered and hindered by circum- 
stances which make it very difficult for 
us to carry out our ideals. 

Speaking for many universities, we 
have a class of students entering them 
too young and too untrained to make 
an intelligent choice of subjects, and we 
have a large mass of opinion, both in 
and out of the university, in favour of 
the theory that in a country where young 
men must earn their own living at an 
early age, the training which they receive 
should all bear directly on their chosen 
profession, with a view to the saving 
of time. 

This is a very natural if somewhat 
superficial idea, and the conflict of 
opinion becomes sometimes quite bitter 
between those who maintain it and those 
who believe that ‘‘the longest way round 
is sometimes the shortest way home,”’ 
who believe the theory, formulated 
slowly through ages of comparative 
leisure, that the aim of teaching should 
be wholly, or in great part, educational, 
and that the purely practical should be 
added only at the very latest stage. 

In the meantime, perhaps, one of the 
best compromises can be found in the 
further working out of the optional 
system. 

The student might be allowed to 
choose his own subjects with even 
greater freedom than at present. His 
choice would, in all probability, be 
governed largely by the necessities of 
practical life—that is, he would choose 
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those studies which he thinks will most 
directly fit him for the career which 
seems open to him. In the teaching of 
these subjects, however, in any institu- 
tion worthy the name of a university, 
the method to be pursued should be 
primarily, if not exclusively, educational. 

To give a rough example of what I 
mean. Suppose a boy ts to be trained 
for business. A thorough knowledge of 
book-keeping will, no doubt, be essential, 
but we can imagine that, in the end, 
foresight, accuracy, grasp of the large 
and the small, a thorough knowledge of 
men, might be of still greater import- 
ance, and that it would be better to 
sacrifice even some actual knowledge 
of useful details, rather than to teach 
without cultivating the faculties which 
would be ultimately necessary to any 
considerable success. 

Now, as it happens, the study of 
engineering, which I have called the 
study of a combination of certain sciences, 
joined together with a view to their prac- 
tical application, offers an easy oppor- 
tunity for just such a compromise as we 
have found to be extremely desirable in 
itself. The subjects chosen for training 
may, nay, almost must, be those required 
in the after-practice of the profession, 
but at the university we need not aim at 
giving a thorough knowledge of all these, 
but rather at inculcating the power to 
deal with any set of circumstances, and 
to use the knowledge which books or 
experience have provided. Asan actual 
fact, we have found that the success of 
our students often arises from this 
very power. 

Besides the purely educational results, 
which I have tried to show are obtained 
from the study of science, there are 
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certain other advantages to which I may 
just refer, and which are so considerable 
as to give to science an almost unrivalled 
claim on our attention. Such are the 
constantly increasing benefits which 
science, and _ especially engineering 
science, has conferred on all classes of 
society, in the great improvements in 
material condition; the practical over- — 
throw of the barriers of time and space; 
and last, but not least, the great intel- 
lectual quickening, due to easier contact 
of mind with mind, which has come in 
the train of printing and photography, 
of steam and electricity. 

Someone has said, ‘‘ Every advance 
in intellectual education has been the 
effect of some considerable scientific dis- 
covery or group of discoveries.’’ This 
is a subject which, at the entrance of 
another century, we are almost afraid 
to do more than suggest. Everyone is 
giving his views, and looking forward 
with a confidence born of pride in the 
achievements of the nineteenth century 
to certain conquests in the twentieth. 
Perhaps we would do well to remember 
that we are no longer fin-de-siécle, but 
only commencing a new conflict : 

‘‘ Down the roads we do not know, 

With our orders sealed we go.” 
As men of the twentieth century, we 
should not boast as we put on our 
armour, but rather see that we also are 
equipped with the patience and deter- 
mination of a Darwin, the resourceful- 
ness of a Stephenson, the reverent 
humility of a Faraday, for then, and 
then only, can we hope to win from 
nature those secrets which will enable 
us to enter upon our inheritance, and 
to find out yet unthought-of meanings of 
the first command to “subdue the earth.” 
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Author of ‘“ Steam Locomotion on Common Roads,” etc. 


(Continued from page 209.) 


II.—PRODUCTIONS OF LEADING FIRMS. 


MESSRS, AVELING AND PORTER, 
iD eROGHES LER, 

T is our purpose to describe some 
7 of the productions of the leading 
traction engine makers, taking the 
names of the firms in alphabetical order. 
In the small amount of space at our 
disposal we can only glance at some of 


tothe mainaxle. The engine was steered 
by a horse in the shafts, or the “ fifth 
wheel” arrangement could be brought 
into use, a seat being provided near the 
smokebox for the steersman. Fig. 22 
illustrates the traction engine exhibited 
at the 1862 Exhibition. It was fitted with 
a steam-jacketed cylinder placed at the 


FIG. 20.—SELF-MOVING ENGINE. 


the old-time road engines, but we hope 
to pay more attention to the latest and 
best traction engines of the day. One 
of the firm’s earliest self-moving engines 
isshown by Fig. 20. From the illustration 
it will be seen that an ordinary portable 
engine was provided with spur gearing 
from the crankshaft driving a chain 
pinion fixed on a stud, as per Fig. 21. 
A light pitch chaincommunicated motion 
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smokebox end of a flush-top boiler. 
Fig. 23 shows a section of the cylinder. 
The incoming steam was allowed to enter 
the jacket and pass round the. cylinder 
to the stop valve at the top, as shown. 
The crankshaft was arranged at. the 
firebox end; the driving gear was similar 
to the first engine, but a shorter chain 
was used. Cast-iron tyres were adopted 
in those days, and driving wheels made 


in this manner held their 
own for many years. The 
pilot steering gear was used. 
In some traction engines 
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tirely of cast-iron. Fig. 24 shows a 
longitudinal section of a traction engine 
boiler made by Messrs. Aveling and 
Porter ine 16762 ssbise. 25 andiez6 
represent other views of the _ boiler. 
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was fitted with indiarubber tyres to the 
driving and leading wheels; the former 
were shod with steel shoes. The india- 
rubber tyres have had their day. They 
were expected by Mr. Thompson to 
revolutionise the road engines, and 
bring in an era of perfect transport on 
common roads; but the tyres were 
expensive—almost prohibitive, and they 
were found wanting in the clay soil of 
the Wolverhampton race-course in 1871, 
as we have shown. Leaving the 
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FIG. 22.—AVELING AND PORTER’S TRACTION ENGINE, 1862. 


Fig. 27 shows the cylinder base. The 


side-plates of the outer firebox were » 


carried upward and backward for sup- 
porting the bearings of the crankshaft, 
countershafts, and axle on Messrs. 
Aveling and Porter’s patented arrange- 
ment of 1871. The thickness of the 
plates, the riveted seams, the pitch of 
the stays, and general construction are 
so clearly shown that no description is 
required. Fig. 28 illustrates the first 
traction engine of the steam sapper type 
supplied to the War Department in 
1868. Since that date the makers have 
supplied many traction engines for this 
department, improved in design as the 
years passed by. The engine shown 


historical portion, we illustrate by Fig. 29 
Messrs. Aveling’s latest type of boiler 
for a compound road locomotive. The 
side-plates are bent outwards near the 
top; a width of about 64 in. is thus 
gained. This extra 
width between the 
hornplates is ren- 
dered necessary in 
order that the gear- 
ing, two cranks, 
and four excentrics 
could he placed be- 
tween the bearings. 
The outside steam 
chests of the cylin- 
der cause more 
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room to be required on the crankshaft, 
for when the slide valves are placed be- 
tween the cylinders in the usual way, the 
four excentrics are keyed between the 
cranks; and when the steam chests are 
placed outside, the room on the crankshaft 
between the cranks is not available for 
ties putposes lig: 340 represents the 
engine. One of this type was exhibited 
at the last Smithfield Show, having a 
“ Worthington ” feed-pump mounted on 
the fore-tank on the flywheel side; an 
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is a_ side elevation, with the right- 
hand driving wheel removed to show 
the driving disc. The third motion 
pinion is keyed on the second counter- 
shaft outside the hornplates. This pinion 
gears into the main spur wheel. The 
wheel revolves on a_ steel tube, the 
flange of which is firmly secured to the 
right-hand side hornplate. By this 
arrangement the main gearing is kept 
properly in pitch underall circumstances, 
and no motion of the axle can in any 


FIG. 25¢ 


injector is shown on the gearing side of 
the illustration. The engine is mounted 
on springs, and specially designed to 
meet the requirements of the military 
authorities ; the wheels, gearing, axles 
and shafts are of exceptional strength. 
Fig. 31 represents diagrams taken from 
this engine, while the table gives some 
results of the trials on the brake at 
Rochester. 

Messrs. Aveling and Porter’s patented 
plan for mounting spur-geared road 
locomotives on springs is represented 
by the three illustrations. Fig. 321s a 
transverse section of a traction engine. 
Fig. 33 isa section on line A. B.; Fig. 34 


AVELING AND PORTER’S BOILER. 


way affect its proper action. Between 
the main spur wheel and the driving 
disc there is fitted a steel plate, which 
is provided with two strong projections 
—these enter recesses in the spur wheel ; 
while two more projections at right 
angles with the above enter the driving 
disc. This device transmits the power 
from the spur wheel to the driving disc, 
independently of the position of the 
axle. From Fig. 32 it will be seen that 
the driving disc is keyed to a long 
cannon, which forms the boss of the 
compensating gear centre, thereby 
passing the power from one side of the 
axle to the other. The right-hand side 
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driving wheel and the right-hand side 
bevil wheel are both keyed to the main 
axle; the left-hand side bevil wheel is 
bolted to the boss of the left-hand side 
driving wheel, and thereby securing the 
proper action of the compensating 
apparatus. The main axle brackets are 
provided with slides, as shown in Fig. 33, 
secured to the inside of the hornplates ; 
the bearings are coupled to the square 
steel spiral springs by links, as shown. 
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by two plate-iron brackets, as shown. 
A wire rope is used instead of the usual 
chain, the worm and wheel are carefully 
cased in to prevent the access of dirt, 
while the lubrication has doubtless been 
attended io. Motion is given to the 
worm shaft by bevil wheels from the 
crankshaft. 

One of the firm’s road rollers, fitted 
with Morrison’s patent scarifier, was 
illustrated in the ENGINEERING TIMES, 


FIG. 28.—STEAM SAPPER, BY AVELING AND PORTER, ROCHESTER. 


The springs on either side work inde- 
pendently the one of the other, and 
therefore come into action at whatever 
position the road wheels may be in. 
The full weight of the hind part of the 
engine rests evenly on the springs in the 
usual manner. An angle iron frame is 
fitted between the hornplates above the 
axle bearings, and a stiff plate fits in 
between the hornplates beneath the 
axle slides. % 

Messrs. Aveling and Porter’s road 
locomotive crane engine is represented 
by Fig. 35; the winding barrel is carried 


Vol. II., as exhibited at the Royal Show 


‘at Maidstone, 189g. All the road rollers 


are fitted with the patent spring scrapers 
to the driving wheels as represented by 
Figs. 36, 37, and 38. The first illustration 
shows the application of the scrapers to 
the hind roller. Fig. 37 shows a section 
of the spring box, and Fig. 38 a plan of 
the arrangement. In Messrs. Aveling 
and . Porter’s compound agricultural 


‘locomotive, the slide valves are placed 


between the cylinders, and. above the 
horizontal centre line of the engine. 
The valve rods are inclined to point to 
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FIG, 29.—AVELING AND PORTER’S BOILER. 


the centre of the crankshaft ; most of 
the gearing is placed between the horn- 
plates ; an outside pump is provided, and 
bored guides are used in preference to 
the ordinary guide bars. 


MESSRS. CHARLES BURRELL AND 
- SONSALL D> CHETFORD, 
Messrs. Chas. Burrell and Sons were 
very early in the field with the celebrated 
« «‘ Boydell” traction engines. In 1857, and 


for several years afterwards, they made 
a number of powerful road engines fitted 
with the ‘*‘ Boydell”? wheels for drawing 
ploughs on the direct traction system 
and for hauling heavy loads on the road. 
Fig. 39 gives a very faithful representa- 
tion of one of these heavy hauling en- 
gines. In some cases the leading wheels 
were fitted with the endless railway 
system as well as the driving wheels. 
Figt 40 shows an engine equipped in 


; 
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FIG. 30.—AVELING AND PORTER’S ROAD LOCOMOTIVE. 


>. 


FIG. 31. 


this manner. A water-tank was pro- 
vided beneath the boiler barrel, and an 
outside pump fed the boiler from the 
tank. As it may be of some interest, we 
illustrate an early form of the ‘ Boydell.” 
wheel by Figs. 41, 42, and 43. A side 
elevation of the wheel is shown by 
Fig. 41. The shoes revolved with the 
wheel, and the wheel revolved upon the 
shoes ; each shoe was taken up by the 
wheel as soon as it had passed over it. 
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FIG. 32.—TRANSVERSE SECTION. 


FIG. 33.—SECTION OF LINE A—B. 
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fitted with the ‘ Boy- 


dell” driving wheels 
were stecredgeiysed 
horse in the shafts, 
like Fig. "44 eens 


said that horses never 

HP took fright when they 
met puffing and noisy 

traction engines upon seeing one of 
their own fraternity harnessed in the 
shafts. ‘‘It was very amusing to see 
a strange horse in the shafts. The 
horse would probably refuse to start at 
the right moment, with the result that he 
would gradually be pushed forward until 
he assumed a sitting position like a dog, 
and then he slid along until he realised 
that such a position was not a comfort- 
able means of progression, when he 


FIG. 34.—SIDE ELEVATION WITH 
RIGHT-HAND DRIVING WHEEL 
REMOVED. 


SPRING MOUNTED TRACTION ENGINE, BY MESSRS. AVELING AND PORTER. 


The shoes acted independently of each 
other, and changed their position at the 
top andthe bottom of the wheel as just ex- 
plained; the heel fell over by gravity soon 
after it passed the top of wheel; the heel 
was ready to receive the wheel, just as 
it had passed over the preceding shoe; 
the shoe at the bottom remained station- 
ary whilst the wheel passed over it. 
The shoes thus formed a complete and 
continuous or endless railway. Fig. 42 
gives a side view of one of the shoes, and 
Fig. 43 represents the plan of the shoe. 
Some of the smaller traction engines 


would get up and commence to pull as 
hard as possible, and, of course, this 
having no effect on the engine behind 
him, this would last until it gradually 
dawned upon the animal that dragging 
was unnecessary, when all would go 
well. These traction engines were a 
certain cure for jibbing horses, and it 
generally cured them of other bad habits 
also.” The ‘‘ Boydell” traction engine 
was considered by the inventor ‘‘ equally 
adapted to the wants of almost every 
known country, whether it is destined 
to travel over the sandy deserts of our 
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FIG. 35.—AVELING AND PORTER'S ROAD LOCOMOTIVE CRANE ENGINE, 


Eastern possessions, over the muddy 
andalmost impassable tracts of Australia, 
or over the snow-clad regions of North 
America, and the northern portions of 
Europe.” Like many other inventions, 
its chief merit consisted in copying nature, 
and in fact it was neither more nor less 
than an imitation, in wood and iron, of 
aman’s foot. The rails or shoes were six 
in number, and on each shoe was a piece 
of iron rail, exactly corresponding in 
length to the radius of the wheel; the 


shoe~itself was rather more than one 
fourth longer. \ Thus, if the wheel were 
4 ft. in diameter, the rail would be 2 ft. 
long, and the shoe altogether about 
2 ft.5 in.long. Of these extra g in., , 
about two rather narrower than the 
centre piece projected at one end of the 
main part of the shoe, and answered to 
a man’s heel; the other 6 in. at the 
opposite extremity were still narrower, 
though longer, and were therefore 
exactly the same as a man’s toes. In 
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FIG 36.—AVELING’S SPRING SCRAPER. 
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FIG. 37.—SECTION OF SPRING BOX. 


the centre of the shoe rose an arch of 
iron, which may be called the ankle, as 
the ankle worked on this in the same 
manner as a man, when walking, uses 
his ankle. The endless railway was 
not a success—the shoes knocked them- 
selves to pieces; but many imitations 
have been patented having the same 
objects in view, none of which have 
survived to this time. Figs. 45 and 46 
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FIG. 38.—AVELING’S PATENT SPRING SCRAPER. 


represent a side elevation and plan of a 
light chain traction engine, of which a 
very large number were constructed. 
The cylinder was placed at the firebox 
end of the boiler as shown; a pinion on 
the crankshaft geared into a wheel on 
the countershaft; two light chains were 
employed for transmitting the motion 
from the countershaft to chain rings, 
which were attached near the tyre of the 


FIG. 39.—‘! BOYDELL’”’ ROAD LOCOMOTIVE, MADE BY MESSRS. BURRELL AND SONS. 
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FIG. 47.—SIN- 
GLE CRANK 
COMPOUND 
CYLINDER. 
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FIGS. 41, 42 & 43.—BOYDELL’S DRIVING WHEEL WITH 
THE ENDLESS RAILWAY 
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FIG, 48.—BURRELL’S PATENT ROAD 
ROLLER FORK BEARING. 
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FIG, 49.—BURRELL’S TRACTION ENGINE—TYPICAL OF CLASS SENT TO SOUTH AFRICA. 


driving wheels. A fixed axle was used, 
mounted on a simple and efficient spring 
arrangement. The slack of the chains 
could be taken up, and tightening pulleys 
were also provided. A seat was fitted 
on a platform at the smokebox end for 
the steersman. One of the driving chain 
pinions could be thrown out of gear by 
means of a clutch actuated by a lever 
placed near the steersman’s elbow. 
When a turn in the road occurred the 
clutch was thrown out of gear, and for 
the time being the engine was propelled 
by one chain. After the corner had been 
rounded the clutch was again thrown 
into gear. For fen land districts these 
engines were much sought after. Com- 
ing down to modern times, we may 
remark that Messrs. Burrell’s patent 
spring-mounted arrangement has been 
illustrated in the writer’s book on this 
subject.* Their patent single crank 
compound traction engine has had a 
long career. Fig. 47 shows the end 


* «« Steam Locomotion on Common Roads.” 
E.and F. N Spon, 125, Strand, London. 


view of the cylinder and motion brackets. 
The piston rods are coupled together to 
a very strong cross-head with long slide 
blocks. These rods actuate one con- 
necting rod. The valve rods are con- 
nected together, so that one set of link 
motion reversing gear serves for actua- 
ting the two slide valves. Fig. 49 
shows a road locomotive typical of the 
ones sent by Messrs. Burrell to South 
Africa. It will be seen that the single 
crank compound arrangement was not 
used in this instance, but the side by 
side compound cylinders actuated a 
double throw crankshaft. A  fore-tank 
is arranged beneath the boiler barrel. 
The working parts are cased in, the fly- 
wheel is plated, an awning is erected 
over the driver. A bar is provided for 
carrying the wheel spuds as shown. 
Most of the traction engine makers 
have adopted two countershafts in 
their engines, which enable them to 
arrange the first motion gearing between 
the bearings within the box brackets. 
Messrs. Burrell and Sons use their 
patent clutch gear to pinions placed 
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outside, but very snugly arranged to 
the crankshaft bearing. By their plan 
one countershaft only is used. Some 
makers claim advantages for inside 
gearing combined with two counter- 
shafts, others prefer outside gearing 
and the use of one _ countershaft. 
Messrs. Burrell’s road-roller fork bearing 
may be referred to here. Fig. 48 shows 
the patented arrangement. In the illus- 
tration, A is the fork, and B the vertical 
stem. C is a square collar having half 
trunnions, D D, formed upon it. These 
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half trunnions fit in recesses formed in 
the saddle casting which surrounds the 
fork stem, and allow the front rollers to 
rock freely in accommodating themselves 
to the inequalities in the surface of the 
road, without in any way reducing the 
bearing surface in contact with the fork 
stem B when the latter is canted. The 
portion of the fork stem B is free to 
turn in the collar bearing C, and the 
collar rocking upon the trunnions forms 
a good arrangement. 


(To be continued.) 


REPAIRING A TRACTION ENGINE AT AN “UP-COUNTRY”’ STATION, NEW ZEALAND 


THE PRODUCTION AND USE OF ACETYLENE GAS. 
By W. DOMAN. 
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(Continued from page 240.) 
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CETYLENE, so named from its 
relationship to the radicle 
acetyle, and known during 

its earlier history as klumene, was first 
described in 1836 by Edmund Davy 
as a gas obtained by treating with 
water a residue frequently found in the 
production of potassium from cream of 
tartar and charcoal, and was called by 
him bicarburet of hydrogen. 

It was not, however, until after 1892 
that this gas was used outside the 
laboratory, its commercial production 
having been inaugurated by the enter- 
prise of Willson, who appears to have 
been the first to produce calcium carbide 
in large quantities; and about 1895 the 
industry was introduced into Great 
Britain by the Acetylene Illuminating 
Co. starting the manufacture of carbide 
on a commercial scale. 

Very little was known of acetylene 
until the researches of Berthelot in 
1859, which made clear its true compo- 
sition and method of formation. From 
this time our knowledge has steadily 
increased until it has become probably 
the best known of the hydro-carbon 
gases. 

Pure acetylene is a gas of a faint 
ethereal odour, but as usually prepared 
it bas a strong “smell, due to. a small 
proportion of phosphorous and sulphur 
compounds, which in the very slight 
traces present in the gas after the ordi- 
nary purification are sufficiently pungen 


to insure the immediate detection of any 
leakage. 

For facility in reference, the figures 
relating to the composition and pro- 
perties of acetylene are given in tabular 
form :— 


Percentagecomposition | Carbon 92°3 percent. 


by weight ) Hydrogen 7-75, 
Bormuiag?s¢. oh cee (a, rise 
Molecular weight...... 26. 

Density eerie epee i: 
Specific gravity, calcu- } 808. 

lated 

Specific gravity, found ‘9g to ‘92 


1 litre at O° C. and 760 mm. =1°'165 grammes. 


47,700 Calories. 
it AAG. 
321,000 calories. 


Heat of formation .... 

Specific heat 

Heat of combustion . 

Temperature of com- ] rorsor 
bustion, calculated } 


einie wien ie, (ae) @ 


Freezing Pot pine ee 82° C 

Gritical? point) ya... 27 he 

Vapour tension at critioy 68 atmospheres. 
cal point 

Vapour tension at O°C. 21°53 Hh 


1 volume liquid = 400 vols. gas. 


Acetylene is soluble in water to the 
extent of a little more than one volume, 
but in the ordinary generating appara- 
tus this is found to give but little 
trouble, as, unless the bulk of the 
water is agitated with the gas, this 
proportion is only reached after a con- 
siderable time. When testing for 
quantity it is advisable to use a satu- 
rated solution of common salt, which 
can take up only about 5 per cent. of gas. 

In acetone acetylene is remarkably 
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soluble, one volume of this liquid at 
ordinary temperature and_ pressure 
taking up 25 volumes; and at a 
pressure of 12 atmospheres, 300 volumes 
of the gas. Other liquids in which its 
solubility has been the subject of 
experiment are given in the following 
table :— 


AT ORDINARY TEMPERATURE AND PRESSURE, 


1 volume of— Volumes, 
Water dissolves .. I 
Carbon disulphide eas 
Petroleum a ¥ eat 
Turpentine - + ae we: 
Amylalcohol .. te Bn is) 
Stryolene Y re etess 
Chloroform ae < vo 
Benzine 3 % oe 
Acetic acid an x eas. 
Alcohol og " nD 
Acetone 2h ; ey 25 


Acetylene is endothermic; in other 
words, it splits up into its elements with 
evolution of heat. This takes place ata 
temperature of 780° C., and has been 
shown by Prof. Lewes to be the pro- 
bable cause of the intense luminosity 
of the flame. The sudden evolution of 
heat due to the splitting up of the 
acetylene molecules alone creates a 
sufficiently high temperature to raise 
the carbon to a state of incandescence, 
and when there is added to this the heat 
of the burning gas, the temperature is 
sufficient to account for the very high 
degree of luminosity to which the carbon 
is brought in the flame. 

This property of acetylene might be 
looked upon with suspicion in a gas 
used for illuminating purposes, were it 
not that the decomposition takes place 
slowly and gradually only in the region 
affected by the heat, and is not propa- 
gated through the whole bulk of the gas, 
nor does it take place with any explo- 
sive violence unless the gas is at a 
pressure of about 30 lb. to the square 
inch. 

At this pressure acetylene becomes 
an explosive, and for this reason its 
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use in liquid or compressed form has 
been forbidden by the authorities. 

The changes undergone during the 
slow decomposition of the gas when 
brought about by heating it to a 
temperature of 400° C. and above are 
extremely interesting, though probably 
not of much practica! importance. 

The first action seems to be the con- 
densation of the gas into benzine and 
other polymers, which split up with 
formation of ethylene, a number of hydro- 
carbons, including methane, and a small 
proportion of naphthalene with a thick, 
viscid tar, and finally, at a red heat, 
carbon and hydrogen. 

It is this decomposition that presents 
the sole difficulty to be found in the 
commercial production of acetylene, 
owing to the heat evolved by the 
reactions of carbide and water. 

When diluted with some inert gas, 
acetylene will withstand a_ higher 
temperature than other hydro-carbon 
gases, and it may also be compressed 


with safety when diluted with a 
sufficient proportion of an exothermic 
gas. 


Other properties of the gas when 
mixed with air, doubtless due to its 
endothermic character, are its low igni- 
tion point, the greater violence of the 
explosion, and the wide range of mix- 
tures with excess of acetylene that are 
explosive. 

The temperature of ignition being as 
low as 480° C., a mixture of acetylene 
and air may be exploded by a glowing 
cigar end or a heated soldering-bit if the 
proportions are correct. This has also 
caused some suspicion as to its safety in 
use, which might have some foundation 
if the leakage from burners or from 
defective fittings were likely to be of the 
same extent as with coal-gas, or remain 
as long undiscovered. 

The range of explosive mixtures of 
various gases and air are given in the 
following table, whick shows the highest 
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and lowest percentage of the gas capable 
of being ignited :— 


ExpLosIVE MIxTURES OF AIR AND Gas. 


Acetylene 3 per cent. to 82 per cent. 
Hydrogen eS 72 
Carbon monoxide .. 13 ris 
Ethylene cin BA - 22 
Methane ... see * 13 


The minimum percentage given above 
for acetylene is considered by many 
experts as too low, and it is a fact that 
very weak mixtures are difficult to ignite, 
and the combustion is so feeble that 
they may in most circumstances be 
considered as comparatively harm- 
less. 

A peculiarity of acetylene is that ina 
confined space the most violent explosion 
is obtained, not with the mixture which 
is in the correct proportions for complete 
combustion, but with a mixture contain- 
ing 50 per cent. of the gas. 

The only obvious explanation of this 
is to be found in the explosive properties 
of acetylene when under pressure. In 
burning a 50 per cent. mixture in a tall 
glass cylinder, open at the top, the flame 
will be seen to travel slowly downwards 
to the bottom of the vessel. Presuming 
the action in a confined space to be of 
the same character, the combustion once 
started may be considered as proceeding 
with increasing rapidity as the pressure 
due to the heated products becomes 
greater, until the unconsumed portion 
of the gas reaches a pressure sufficient 
to cause detonation. 

Owing to the low ignition temperature 
of acetylene and air, wire gauze will not 
stop the propagation of the flame. A 
‘* Davy”’ lamp would be quite as danger- 
ous as a naked flame in an atmosphere 
of this gas, and tubes or orifices that 
are used with a coal gas “ Bunsen” 
burner would be many times too large 
for acetylene under the same 
ditions. 

Le Chatelier gives the following table 
of diameters of tubes through which the 


con- 


Engineering Times. 


flame would be propagated with various 


proportions of the gas :— 
Flame Propagated in 


Percentages of Gas. Tube of Diameter— 


From 2°9 to 64 1°57, 10. 

371 FOZ eee is ri8",; 
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hn" 7 One be ice 2 oOSE. 
In a tube of :o2 in. the flame is not 


propagated with any mixture. 

The combustion of acetylene gives 
rise to a very high temperature, which 
has been calculated for a mixture of air 
and gas containing 7°74 per cent. of the 
latter as 2,420° C., and with a mixture 
of oxygen and 50 per cent. gas, 4,000 C., 
or 1,000° C. higher than that of the 
oxyhydrogen flame. 

The actual ascertained temperature 
of the acetylene ‘‘ Bunsen ” flame is still 
open to controversy, and has been given 
by various observers as low as 1,900 C.; 
but it is, in any case, considerably higher 
than that of the coal-gas ‘‘ Bunsen,” 
which is to be expected both from its 
composition and endothermic character. 

Acetylene forms an interesting series 
of compounds with copper, silver, and 
mercury, the majority of which are ex- 
plosive, and de onate from a blow or on 
heating. The name generally given to 
these compounds is that of acetylides, 
but their constitution is but little under- 
stood, and a number of apparently differ- 
ing compounds are generally included 
in this term. 

The only one at all likely to be met 
with in the use of the gas is that of 
copper. This compound appears to be 
formed very slowly and in small quanti- 
ties where acetylene containing ammonia 
or the usual phosphorous and sulphur 
impurities is allowed to remain in contact 
with the metal, provided that the condi- 
tions are favourable. Pieces of copper 
and various alloys carefully insulated 
from one another were exposed to the 
action of impure gas containing ammonia 
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for a period of nine months without show- 
ing any signs of the compound; but in 
another experiment where the metals 
were probably not insulated, and a much 
larger quantity of gas was brought into 
contact with them, two out of five 
strips were found with slight traces of 
acetylide. 

When acetylene is brought into con- 
tact with a cuprous salt in a neutral 
or alkaline solution, copper acetylide is 
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cuprous chloride containing ammonia 
the characteristic red precipitate. 

An explosive compound is also formed 
from cupric salts, such as copper sul- 
phate and nitrate, especially in the 
presence of metallic copper. 

It is therefore very necessary in using 
copper salts for purifying purposes to 
make sure that the solution is acid, and 
remains acid while inuse. In an acid so- 
lution the copper acetylide is not formed. 


VIEW OF THE GIFFRE CARBIDE WORKS,.WHICH SUPPLY A LARGE PORTION OF THE CARBIDE USED IN 
GREAT BRITAIN, 


immediately formed as a reddish-brown 
precipitate, the exact composition of 
which is still uncertain, and is given 
by Berthelot as 2 (C, Cu, H)O; by 
Blochmann C, H, Cu, O; and by 
Keiser Cu, C,. This precipitate is de- 
composed by hydrochloric acid with 
evolution of acetylene. 

This reaction is one of the most dell- 
cate tests we have for acetylene, the 
merest trace giving in a solution of 


On storing acetylene for some time 
it was found to lose a portion of its 
illuminating value, and it has been also 
noticed that under the action of light a 
deposit was formed on the sides of the 
glass container. From whatever cause 
this action proceeds, it is not of any im- 
portance in the use of the gas for illumi- 
nating purposes, as the length of time 
required to bring about any appreciable 
change would never be allowed to lapse. 
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in ordinary cases between the making 
and use of the gas. A rest of a day or 
even two days would improve instead of 
lowering its value, by permitting of the 
solution or deposition of some of the 
impurities present. 

Acetylene is not poisonous in the usual 
acceptation of the term. Air containing 
20 per cent. can be breathed for a con- 
siderable time without ill effect, and 
until about 40 per cent. is present, no 
danger need be feared by a _ healthy 
person. Recovery from the effect of a 
poisonous quantity is much easier than 
with coal-gas, which is far more danger- 
ous in much smaller proportion. 


COMPRESSED AND LIOUID 
AGE DY LENE, 


Owing to the explosive character of 
the dissociation caused by local heating 
or the detonation of a fulminate in com- 
pressed acetylene, it is too dangerous for 
ordinary use, and, in view of the many 
possible causes of explosion, such as a 
hasty compression with insufficient cool- 
ing, or a sudden opening of a valve 
leading to the reducing valve or other 
small chamber, it should be handled with 
great care under all circumstances. 

Shock does not appear to cause ex- 
plosion; but a spark, the detonation of 
a small quantity of copper acetylide, or 
heating due to a sudden check in expan- 
sion, are all possible accidents even in 
the laboratory. 

With a view to overcoming this objec- 
tion, the gas has been dissolved in 
acetone, and in this condition, at pressures 


Ill.—SAFETY 


One of the objections to the use of 
acetylene as an illuminant that was fre- 
quently raised in the early stages of the 
industry, and is still, perhaps, the most 
vigorous of the prejudices against which 


OF ACE LY LEN baa SA 


Engineering Times. 


below 56 lb. to the square inch, is free from 
the dangers of compressed acetylene; but 
the gas resting above the liquid is not. 
At higher pressures than the above the 
liquid also becomes liable to explosion. 

Apparently there has been found a 
reasonably successful way out of the 
difficulty, by using in place of the liquid 
acetone a mass of kieselguhr or other 
absorbent entirely filling the cylinder, 
and saturated with acetone, whichis then 
used to absorb the compressed gas. 
With this material the explosion does 
not appear to be propagated beyond the 
region affected by the heat or other 
exciting cause, and as there is no neces- 
sity to leave any space unfilled by the 
saturated kieseleuhr, there appears to be 
but little danger, provided that the cylin- 
der is not subjected to the action of heat 
over a large portion of its surface, or 
long continued. It has been suggested 
that this cause of danger may bealso done 
away with by using a cylinder having 
seams or plugs of ‘ fusible” metal, which 
would permit of the escape of the gas 
before any large portion of it were 
subjected to a temperature sufficient 
to cause dissociation. 

Another method of compressing acety- 
lene with safety is by mixing it with a 
good proportion of another gas, such as 
oil gas, which is being done by many of 
the Continental railways, and also by 
some of the English lines experimentally. 

A mixture of 25 per cent. acetylene 
with coal or oil gas may be compressed 
to 200 lb. to the square inch, without 
exceeding the limits of safety. 


ILLUMINA TINGS Gas: 


it has to fight, is that of its alleged 
danger of explosion. 

The only foundations for this suspicion 
are, firstly, accidents which have hap- 
pened while using the gas, and, secondly, 
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some of the properties due to its endo- 
thermic character. 

Accidents which happen in the labora- 
tory, and during experiments where the 
substance under examination is subjected 
to entirely unusual conditions, are to be 
expected with the most innocent of 
materials, and are not necessarily in the 
slightest degree an argument as to its 
danger. Leaving out all the accidents 
that come under the above heading, the 
remainder will be found due either to 
that old familiar source of accidents 
with coal-gas, viz., trying to find an 
escape with a light, or to some other 
circumstances that brought together 
acetylene, air, and a hght, and which 
are more likely to lead to an accident 
with coal-gas than with acetylene, owing 
to the more powerful and unusual odour 
and the much smaller quantity in use in 
the case of the latter. 

An explosion due solely to the faulty 
design of the generator is possible, but 
would display such an entire ignorance 
of the subject, or such a wanton and 
criminal neglect on the part of the 
manufacturer, that it 1s quite improb- 
able. The only causes which one can 
imagine for an explosion of this kind 
would be— 

(1) The existence of a pressure of gas 
capable of rupturing the container. 

(2) Theexistence of a pressure of nearly 
30 lb. to the square inch, together with 
a temperature of about 800° C. 

(3) The presence of air in the carbide 
chamber, with a temperature sufficient 
to ignite the mixture of air and gas. 

The only probable generator in which 


any of these conditions are at all likely. 


to be found would be one in which there 
was no Safety-valve or water-seal to the 
carbide chamber, and the outlet pipes 
were closed by cocks or lable to be- 
come choked up with a compact mass of 
lime or other substance, or one of the 
Scippingi. sor ‘displacement’ type, 
in which the charge was uncovered, 
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and a good proportion of air could be 
imprisoned in the same chamber. 

The case against the gas itself, put in 
the strongest terms, is simply that— 

(1) At a temperature of 800° C. it can 
split up into its elements with evolution 
of heat, and when under a pressure of 
about 30 Ib. to the square inch with 
explosive violence. 

(2) A mixture of acetylene and air in 
proper proportion will ignite at a tem- 
perature of 480° to 500° C., and therefore 
a lighted cigar may cause the ignition of 
an explosive mixture in the case of 
leakage. 

(3) It is capable, under certain condi- 
tions, of forming with certain metals a 
compound that is explosive, and this 
may ignite a mixture of air and gas in 
some part of the generating apparatus. 

Any idea of danger on the first count 
may be dismissed at once, seeing that 
at the highest pressures found in any 
generator the decomposition of the gas 
could only proceed slowly and harm- 
lessly, as it is often found to do ina 
badly-designed apparatus that permits 
overheating. It would require a pres- 
sure of about one hundred times that 
ordinarily employed before the neces- 
sary conditions for an explosion could be 
obtained. 

On the second® count, which “pre- 
supposes a considerable leakage of the 
gas, such as could only proceed from a 
broken or unplugged pipe, or from the 
generator itself, the danger would be so 
shghtly increased by the low-ignition 
temperature that this cannot be con- 
sidered as a valid objection. 

Thirdly, although the compound 
formed by acetylene with copper is 
extremely explosive, the only damage 
one can conceive of as at all possible is 
that it might ignite a mixture of air 
and gas permitted to exist in some part 
of the apparatus. This compound is 
dificult to obtain even in the labora- 
tory, and the conditions for its formation 
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are never likely to exist in any acetylene 
apparatus even if made of copper, which 
metal would be far too costly for any 
generator maker to use. The quantity 
formed would, in any case, be too minute 
to become a source of danger by itself. 

The fact that the explosion of acetylene 
is sharper than that of coal-gas in similar 
quantity, and that the proportion of gas 
to air required for explosion is less, does 
not affect the case, seeing that the force 
of the explosion is proportionate to the 
extent of the leakage, and that with 
acetylene not only are leaks far less 
likely to occur in the house, but they 
would also be, as a general rule, much 
less in volume, probably one-third to 
one-fifteenth of that of coal-gas, accord- 
ing to the nature of the leak. 

The danger from explosion of acetylene 
inside the house is of the same character 
as that arising from the use of ordinary 
gas, but is less in degree for the following 
reasons— 

(1) The more penetrating and unusual 
odour, and the higher specific gravity 
of acetylene, would both lead to an 
earlier discovery of a leak. 

(2) The most frequent form of leakage, 
that froman unlit jet, would be but one- 
sixth to one-fifteenth the amount of a 
similar leak of coal-gas. 

(3) The piping is of smaller size, is 
more carefully put up owing to the 
penetrating character of acetylene, and is, 
therefore, far less liable to develope leaks. 

Whatever danger there may be in the 
generator shed is due primarily to a 
defect in the apparatus, and secondly, 
to the presence of a light at an improper 
time. 

Once the generator is started and the 
air cleared out of it, a bonfire might be 
lit underneath without causing an ex- 
plosion. . 

Danger from this source is only to -be 
looked for in— 

(1) Bad design. 

(2) Leakage of gas. 
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(3) Smoking, or the use of alight while 
charging or repairing the apparatus. 

(4) Accumulation of gas from partially 
used charges, or from residue confined 
in a closed pit or receptacle. 

The design of the various types of 
apparatusis dealt with in another chapter. 

Leakage owing to flimsy construction 
should condemn the apparatus. There 
is no difficulty in making a generator as 
sound and permanently strong in all its 
parts asanordinary watertank. Leakage 
from an open cock, or carelessness in 
closing any part of the apparatus, would 
be culpable negligence on the part of the 
attendant, but can hardly be provided 
against, though any danger from this cause 
may be greatly minimised by having the 
generator shed freely ventilated both at 
top and bottom, or entirely obviated, as 
regards any serious consequences, by 
leaving the whole of one side open. 

Smoking or using a hght when charg- 
ing or cleaning the apparatus should 
lead to nothing more than singed hair or 
skin. Any generator likely to give rise 
to a serious explosion under these cir- 
cumstances is imperfectly designed, and 
even if such a machine were put on the 
market, which is very improbable with 
our present knowledge of generator con- 
struction, it would doubtless be vetoed 
by the Home Office, who are now 
engaged in examining every form of 
apparatus offered to the public. 

Repairs, or testing for soundness, 
should of course only be performed by 
a person who thoroughly understands 
the nature of combustible gases. The 
only instructions necessary to give an 
ordinary gas-fitter who has no experience 
of acetylene apparatus, would be that 
the gas being soluble in water may be 
given off from any water left in the 
generator, and that a heated ‘bit”’ is 
quite capable of exploding a mixture of 
acetylene and air. 

Partially used charges or residues 
should not be allowed to remain in any 


The Production and Use of Acetylene Gas. 


confined space. It is easy enough to 
find an open spot where lime may be 
thrown down, and if the residue is in the 
form of sludge an open-top barrel or pit 
can be used with perfect safety, or it 
may be run directly into the drains, if 
they are flushed down immediately after. 

Taking into consideration everything 
that can be said against the use of 
acetylene, the only conclusion we can 
arrive at is that, used in the ordinary 
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manner, it is not even as dangerous as 
ordinary coal-gas inside the house, and 
infinitely less dangerous than petroleum 
lamps. And in the generator shed, 
provided that the apparatus is properly 
designed and made, and the shed is 
partially open, so as to prevent any 
accumulation of gas through accident, 
there 1s no danger, except through gross 
carelessness while charging, repairing, 
or examining the apparatus with a light. 
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(Manufacturers ave invited to send particulars and illustrations of New Machinery for Notice, free of charge, under 
this Heading. Although the merits of every machine and appliance are investigated so far as possible by an 
expert, the Editor desires it to be understood that in some instances he ts dependent to a large extent on the 


statements of manufacturers.) 


THE>~ RACINE? SHIGH SPEED 
ENGINE. 
EY illustrate. (Migs 1) ar well- 
designed steam engine by the 
Racine Hardware Company, 
Racine! @Wis., eUeseA., “who econ: 
fine themselves strictly to the manu- 
facture of automatic engines of from 
2 to 37 h.-p. inclusive. The field 
covered in the construction of this class 
of engine up to 4o h.-p. is entirely 
distinct from that of the 
larger sizes, and in order to 
secure the best possible re- 
sults, the manufacturers 
have, for over twenty years, 
given the 
smaller sizes 
their undi- 
vided atten- 
tion. The 
extended or 
‘“‘ self =con- 
tained ’’ base 
on their en- 
gines fur- 
nishes a rigid 
foundation 
for both en- 
gine and out- 
bearing, so 
Liat Pies 
impossible 
for the out- 
bearing to 
Pet Out of 
line. 


FIG. I.—‘‘ RACINE’”’ HIGH-SPEED ENGINE. 
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FIG. 2.—CYLINDER AND VALVE. 


Every engine, including 2 h.-p., is 
furnished with an outbearing, which is 
secured to the extended base, giving 
additional support to the crank shaft. 
The frame is rigid and of tastefuldesign, 
adding to the pleasing appearance of the 
entire engine. The guides for the cross- 
head are machined out at the same time 
the frame is turned and faced, as also 
are the boxes for the crank shaft, thus 
insuring perfect alignment. The cylinder 
and steam chest (Fig. 2) are connected 
as closely together as possible, thus 
reducing the clearance spac: to a mini- 
mum, lhe “valve is a, piston valve, 
fitted with rings and well balanced. The 
valve is designed to cut off at one-quarter 
stroke, and at 85 lb. pressure will 
deliver the full power at which the 
engine is rated. All exposed parts of 
the cylinder and steam chest, except the 
top and bottom heads, are covered with 
asbestos cement. The cylinder and 
steam chest are jacketed with Russia 
iron. 

The connecting rod, as shown here 
in the side and edge view (Fig. 3), is 
made from a solid steel forging. The 
crank boxes and bushing are made of a 
special mixture from a formula adopted 
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by the United States navy, and used on 
all of their engines. The bushing 
is split and all wear taken up by 
Mealise Ol eaetapen key.  bhewerank 
end is of the marine type, which the 
manufacturers find the best suited for 
high speed work. The studs are steel 
and of ample size for the work. Each 
is) UtteCawitimeawe iar ednd se lOck, nuts 
also a safety key, not shown in the 
illustration. 

The bearing for the piston rod is one 
and one-half times the diameter of the 
rod. The cross-head shoes have large 
bearing surfaces, insuring long life and 
smooth, cool running qualities. Means 
are provided for taking up the wear. 
The cross-head pin is of steel, fitted to 
the cross-head with a taper fit on both 
ends. The pin is made hollow, with 
small holes drilled in the top surface, so 
that with the oil cup on the end of the 


CONNECTING ROD, 
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FIG. 4.—7 X 8 ‘“‘ RACINE” 


pin the pin and bushings are always 
kept well lubricated. 

One of the most important features 
in an automatic engine is the governor, 
and this is particularly true when the 
engine is used largely for operating 
electrical. apparatus or for other pur- 
poses requiring close regulation, uniform 
power, and extreme economy. 

The governor controlling this engine 
is the ‘‘ Rites Patent,” which has already 
been described in these pages (Vol. I., 
No. 5). It is perfectly balanced and 
extremely simple in construction and 
operation. 

The crank used is a centre crank, 
which is forged from a solid piece of 
steel. The crank pin is provided with 
an automatic oiler, which furnishes a 


ENGINE DIRECT CONNECTED. 


liberal supply of oil, and permits of 
the engine making long runs without 
stopping. The shaft is supported by 
three bearings, one on each side of the 
crank and close to it, and another out- 
side of the governor, beyond which the 
shaft extends far enough to attach an 
extra pulley. If desired, the shaft can 
be extended on the opposite side of the 
frame from the governor. A sight feed 
cylinder lubricator is used. 

In Fig. 4 is shown a 7 x 8 “ Racine’ 
engine direct connected with dynamo 
for electric lighting purposes. All parts 
of this engine are made to standard 
gauges and jigs, and each and every 
part is made interchangeable, a feature 
that will be appreciated by users of 
power or machinery. 
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MERRY WEATHER’S WATER-TUBE 
BOILER, 
E give an illustration of a port- 


able water-tube boiler, recently 

constructed by Messrs. Merry- 
weather & Sons, Limited, for the Dover 
Harbour Board. ‘The boiler has several 
special features, and on test showed 
remarkably good. results. We are 
informed that it is about half the weight 
and occupies half the space of boilers 
previously used for this purpose. 

Steam can be raised from cold water 
to a working pressure in from 20 to 25 
minutes, instead of nearly an hour, as 
has previously been the case. 

The whole shell of the boiler can 
easily be removed by taking out a few 
of the bolts, and the interior plates and 
tubes are then completely accessible, 
and can be cleaned without the necessity 
of a man entering the boiler. It also 
has prominent advantages with regard 
to safety and reliability. 

The boiler constructed for the Dover 
Harbour Board is capable of supplying 
ample steam to an 8 in. centrifugal pump, 
having the power of raising 1,500 gallons 
of water per minute. Its weight is 
approximately 25 cwts., and it has been 
specially designed for use with salt 
water. The boiler was tested on a 
12 hours’ run at Dover, under the super- 
vision of Captain Iron, salt water being 
used throughout the trial. During the 
whole of this period not the slightest 
sign of priming was visible, and a steam 
pressure of 100 lb. per sq. in., which was 
25 per cent. more than the contract 
pressure, was easily maintained. 
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MERRYWEATHER’S PORTABLE WATER-TUBE 
BOILER. 

At the conclusion of the 12 hours’ 
run the boiler was opened up, in order 
to ascertain if sufficient deposit had 
accumulated to in any way impair 
its efficiency. It was, however, found 
that the amount of salt present was 
practically negligible; in fact, the 
boiler was at once closed up again, 
it being considered not necessary to 
clean it in any way. We believe 
this is almost the first time that a 
water-tube boiler has been constructed 
to use salt water, with the exception 
of some of the same type previously 
made by this firm, one of which was 
supplied to Admiral Gordon for use 
on his steam yacht, which gave great 
satisfaction. 
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Land Surveying and Levelling, 
By Arthur Thomas Walmisley, 


VEST GOB ae Sl rere Sten 
D. Fourdrinier, Builder Office, 
Catherine Street, W.C. Also of 
Whittaker & Co., Paternoster 


Square, HE Cos Pricemgs 20d. 


This work is one of the Buildey series 
of text books for students, and after a 
careful perusal of the contents, we are 
inclined to think that it is the best treatise 
of the kind extant on the subjects of Land 
Surveying and Levelling. Efforts have 
been made by others to render accessible 
in a single volume what was formerly 
scattered through many books, but pre- 
vious attempts in this direction have not 
been altogether successful, and it is a 
pleasure to meet with a text-book which 
contains within its covers practically 
everything that a student should know. 
We do not mean to imply that this book, 
good as it is, can take the place of prac- 
tical instruction in the field from an 
experienced surveyor, but if used in the 
proper way to supplement outdoor 
lessons, it should prove of distinct service 
to the intending surveyor. 

The book comprises twenty-two chap- 
ters, devoted in turn to the different 
branches of the work of a surveyor. 
Starting with instructions on ranging 
out a line, the student is gradually 
initiated into the mysteries of setting 
out perpendiculars, plotting angles and 
plans, computing scales and planimetres, 
taking levels, etc. Precautions in the 
handling of instruments are also given, 
although the limits of space allow their 
actual use to be only briefly described. 
The descriptions are, however, sufficient 


diagrams, 


for the purpose, for, as the author points 
out, once the construction of an instru- 
ment is understood, and the general 
principles of its application become 
realised, a little outdoor practice will 
contribute more towards efficiency than 
several hours spent in reading written 
descriptions of field work. 

Although in this country the Ordnance 
Survey has in some respects done away 
with the necessity of making surveys of 
any very great magnitude, no survey 
of any considerable extent can be con- 
ducted without the aid of trigonometrical 
principles, and the chapter on the 
use of trigonometry should be found 
of great value to the future profes- 
sional surveyor, particularly if he be 
likely eventually to undertake work in 
the colonies. 

We should not omit to mention that 
this text-book contains an exhaustive 
chapter upon Parliamentary surveying, 
in which full details are given upon the 
preparation of plans and sections for 
Parliament connected with projected 
schemes having reference to railways, 
tramways, docks, water and gas supply, 
electric lighting, and other works. This 
branch of surveying differs so much from 
ordinary chain or theodolite work that 
many qualified surveyors should find it 
of considerable service. This, and also 
the chapter on railway surveying, will no 
doubt be found useful by engineering 
students. 

The author has included in the volume 
no less than 140 illustrations and 
of a very complete and 
comprehensive character, which add 
considerably to the value of the work. 
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Field Work and Instruments, 
By same author and publishers as 
above. Price 7s. 6d. 


This book is a companion volume to 
the one reviewed above, and full details 
are given in it-of the construction and 
handling of surveying instruments, and 
their application in the field for setting 
out work. It is, like the other, elabo- 
rately illustrated, and as showing the 
time and labour that have been spent 
upon it, we may mention that the prin- 
cipal illustrations have been reduced by 
photography from large size diagrams 
drawn to scale, thus ensuring absolute 
accuracy of detail. The author empha- 
sises the desirability for the use of 
instruments by the best makers for the 
instruction of students, pointing out that 
an experienced man, who thoroughly 
understands the use and adjustment of 
an instrument, can better employ one 
which is inferior than a student whose 
nervousness leads him to question the 
result of every adjustment he attempts. 
This is very true, but tyros in every 
trade have frequently to be content with 
inferior tools, and although, of course, the 
use of instruments in the field is one of 
the most delicate operations which fall 
within the province of a surveyor, we 
fear that many beginners will still have 
to content themselves with second-hand 
instruments. Wecan confidently recom- 
mend this treatise to students as one 
which will enable them to properly 
handle and use the principal instruments 
employed in the field for surveying and 
levelling. 
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Verbal Notes and Sketches for Marine En- 
gineers, 


By J. W. Sothern, Marine Engi- 
neering Academy, Glasgow. 
don: Whittaker & Co., Paternoster 
Square. Second Edition. . Price 
BsO7, ett, 
The first edition of this little book was 
issued last year, and that it has been 
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appreciated by those for whom it was 
intended is proved by the appearance of 
a second edition within a twelvemonth. 
The work consists of notes taken from 
the lectures on Verbals given by the 
author to candidates studying for the 
first and second class Board of Trade 
examinations, the matter being selected 
from the most important questions given 
up to date. There are also included in 
the volume a series of selected indicator 
cards, with defects and explanations, 
descriptions of water-tube boilers, patent 
valve gears, valve diagrams, and refri- 
gerating machinery, etc. 

The whole book has practically been 
re-written since its first appearance, and 
the result has been to render the various 
explanations more complete and detailed 
than before. Examples of ‘“ Zeuner”’ 
valve diagrams and descriptions of 
patent valve gears have been included 
in the ‘‘ Engines”’ division of the work, 
and in the ‘‘ Indicator”’ section a num- 
ber of cards taken from actual practice 
have been added. In the former part we 
note a very good, though necessarily 
brief account of the method adopted in 
repairing the broken tail end shaft of 
the steamer “ Fazilka,” of the British 
India Steam Navigation Company, in 
the Indian Ocean. This difficult task, 
which was successfully accomplished, as 
will be remembered, by the chief engi- 
neer, Mr. Lachlan Brown, is, as the 
author points out, up to the present time 
unique, and as an example of mechanical 
skill and perseverance would be hard to 
beat. 

In the appendix there is a useful chap- 
ter on Water-tube Boilers, their advan- 
tages and disadvantages being carefully 
compared and balanced. The much- 
debated ‘‘ Belleville” boiler is described 
and commented on, and a good general 
idea of the construction of the ‘‘ Babcock 
and Wilcox’ marine boiler is given, with 
the assistance of excellent diagrams. 

The volume contains a surprisingly 
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large amount of matter in a small com- 
pass, and should be found of distinct 
service, as a reference book, to marine 
engineers preparing for the Board of 
Trade examinations. 
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Fergusson’s Surveying Circle and Percentage 

Tables. 

By John C. Fergusson, M.Inst.C.E. 
Published by the Author. 

This is a detailed description of 
Fergusson’s surveying circle, a device 
in the form of a new circle or dial, to 
be attached to magnetic compasses or 
surveying instruments, in place of the 
ordinary circle, which is divided only 
into degrees. The author claims to 
have solved the centesimal division of 
the circle by his centesimal division 
of the octant (45°), which can be read 
all round the circle from any quadrantal 
line, the octants being whole numbers, 
which again may be read in tenths, 
hundredths, or thousandths. 

When Fergusson’s surveying. circle 
is attached to a compass or a Surveying 
instrument, instead of the ordinary dial, 
the instrument is at once converted into 
a telemeter or range-finder, and may 
be read either in units or in the author’s 
percentage divisions. This certainly 
facilitates the calculation of problems 
the solution of which would be difficult 
by trigonometrical formule, when angles 
are read in degrees. 

Numerous examples in the use of his 
circle are given by the author, who 
specially directs the attention of en- 
gineers to his method of dealing with 
curves. In Fergusson’s system of laying 
out curves, the tangent length, the long 
chord, the main ordinate, the external 
distance, and all the other lines and 
angles contained in the curve, are found 
at once arithmetically, whereas both the 
ordinary American and british systems 
involve calculations which can only be 
made with the use of tables. 

The percentage tables, which occupy 
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the latter half of the book, have been 
calculated by the author to enable any 
one using his circle to obtain more 
rapid results than would otherwise be 
possible. 
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Bristol Tramways’ Handbook—Guide to 
Bristol. 


By Charles Challenger, Traffic 
Manager. Bristol : Edward 
Everard, Broad Street. Price 3d. 


This is an admirable little handbook 
and visitors’ guide to Bristol. The 
information given in it is wonderfully 
full and complete, and the accom- 
panying illustrations by F. G. Lewin 
are of a charming character. The 
design on the cover is exceptionally 
good. The author thinks that the best 
way to see Bristol is from the top of a 
tramway car. Be that as it may, the 
future visitor should make a point of 
purchasing one of these little guide-books 
upon arrival at Bristol. 
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Railway Brakes. 
The Westinghouse Brake Com- 
pany, Limited. 

This little booklet is very interesting 
reading, and is a useful addition to the 
literature of railway brakes. It makes 
direct and pointed comparisons between 
the automatic vacuum brake and the 
Westinghouse automatic brake, and 
also an improved form of the latter, the 
Westinghouse quick-acting brake, now 
in very generaluse. This booklet shows. 
that during the past six years the failures. 
to stop trains equipped with vacuum 
brakes, charged to faults of the brakes,. 
were sixty in number. Similar failures. 
charged to Westinghouse brakes were 
only fourin number. ‘The train mileage 
during this period of six years covered 
by the record with vacuum brakes was. 
not quite 2} times that covered with 
Westinghouse brakes. For the past four 
and a half years no case of failure to: 
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stop has been charged to the Westing- 
house brake; during the same period 
there have been thirty-four failures 
reported and charged to the vacuum 
brake. Quickness of action throughout 
the train length, greater adjustability, 
and maximum of braking effect, are 
each exhibited to the highest degree in 
the Westinghouse quick-acting brake, 
and have given it a most enviable record 
of rescuing trains from apparent disaster. 
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Marine Specialities, 


John Brown & Co., Limited, Atlas 
Works, Sheffield. Fourth edition. 


This useful, and well-produced ‘ blue 
book” of Messrs. John Brown & Co., 
Limited, has now reached its fourth 
edition, and in addition to containing 
full particulars of the firm’s patent 
ribbed furnaces, Serve patent ribbed 
tubes, and Ellis and Eaves’ Combina- 
tion of Induced Draught, descriptions 
are also given of some of their other 
specialities for marine purposes. These 
last include detailed particulars of Van 
Ollefen’s patent gear for rapid raising 
and lowering of water-tight bulkhead 
doors, as well as of special hydraulically- 
pressed marine shafting of the largest 
dimensions. The book is excellently 
illustrated throughout, and we may add 
contains a telegraphic code for some of 
the usual phrases in connection with the 
firm’s business, which on account of 
their special nature are not included in 
the ordinary telegraphic codes. 


ENGINEERING NOTES. 
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Ventilating and Heating, 


We are asked by the Blackman Ven- 
tilating Co., Limited, to state that they 
have acquired from Mr. James Keith, 
C.E., his well-known business as heat- 
ing engineer (with departments in gas 
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and hydraulic work), carried on at 27, 
Farringdon Avenue, E.C., and at his 
foundries and engineering works in 
Arbroath. This union of two of the 
largest businesses, in ventilating and 
heating respectively, in this country, rests 
argely on the essential dependence of 
these two branches upon each other for 
satisfactory development and production. 
Under the new name of James Keith 
and Blackman Company, Limited, the 
Company has within itself the means 
of rapid first-hand production of all the 
best modern apphances for warming 
and ventilating, also the practical train- 
ing, technical knowledge, and wide 
experience of the principals and staffs 
thus combined. 
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Another Moving Platform for Paris, 


Visitors to the Paris Exposition 
will doubtless remember the moving 
platform which was operated by West- 


inghouse motors. This method of 
electric propulsion proved such an 
attractive feature of the Exposition 


that the Paris authorities are now 
considering the installation of another 
electric platform. The novel feature 
of this installation is that it is to be 
built underground. The proposed track 
is to run under the Avenue de l’Opéra, 
the Boulevards, Boulevard Sebastopol, 
Rue Turbigo and Rue de Rivoli—a 
distance of 10 kilometres. The line is 
to consist of four platforms: the first 
will be stationary, the second will move 
at a speed of about three miles an hour, 
the third and fourth at the rate of about 
six and eight miles an hour respectively. 
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Interesting Electrical Development. 

Messrs. Ernest Scott and Mountain, 
Limited, Close Works, Newcastle-on- 
Tyne, have, we are informed, secured 
an important contract in South Wales 
for the Port Talbot Iron and Steel Co., 
in connection with the new steel rolling 
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mills which that firm are erecting. As 
this mill will be one of the most modern 
in this country, and one of the first new 
mills in which a complete equipment of 
electrically driven machinery has been 
adopted, a few particulars of the plant 
may be of interest. The instalation 
consists of a compound horizontal engine 
capable of developing 600 h.-p. with 
a steam pressure of 150 lb. per square 
inch, driving on to a pair of Messrs. 
Scott and Mountain’s generators, each 
generator being capable of giving an 
output of 200 kilowatts, or collectively 
400 kilowatts, equal to 540 electrical 
h.-p. at the terminals. The current is 
utilised for working a 60-ton crane for 
the casting pit, this crane being fitted 
with four electric motors, viz., one motor 
for heavy lifts, one motor for low lifts 
and for tilting the ladle, one motor for 
longitudinal traverse, and one motor for 
cross traverse. Over the casting pit a 
1o-ton crane of the three motor electric 
type is being fitted, dealing with the 
ingots, and bringing them to the rolling 
mills. A 25-ton crane is placed in the 
rolling mill, and is utilised for changing 
the rolls, and also for taking the rolls to 
the roll turning and mechanics’ shop, 
which is placed at the end of the mill, 
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so that the rolls can be lifted out of the 
housings and dropped straight into the 
roll-turning lathes. The works are also 
to be lighted throughout by are and 
incandescent lamps, driven by a “ Scott 
and Mountain”’ independent generator. 
Useful Machinery. 

We have received from Mr. Charles 
D. Phillips, Emlyn Works, Newport, 
Mon., a copy of his new catalogue of 
machinery and specialities for builders 
and contractors. Particulars and illus- 
trations are given in it of engines, boilers, 
pulleys, shafting, belting, etc., as well as 
of the latest types of saw mill and other 
machinery. 


+ ad a4 


The “ Diesel’? Engine: Correction, 

We regret that, in our April issue, in 
describing the ‘“ Diesel” engine, we 
wrote of it as ‘‘the first British-made 
‘Diesel’ engine,” this statement being 
inaccurate. The Mirrlees Watson Co., 
Limited, of Scotland Street, Glasgow, 
made the first ‘‘ Diesel’ engine in this 
country two or three years ago, and 
repeated tests have been made on it, 
not only by themselves, but by others. 
The engine is still at their works at 
Glasgow. 


NEW PATENTS. 


(Selections from recently published Patent specifications. 


Branch, 25, Southampton Butldings, Chancery Lane, IW.C. 


Complete copies may be obtained at the Patent Office Sale 
Price 8d. each.) 


No. 1,923. ‘‘Steam-engine air-pumps,” 
T. Thompson, of Arlicote, Westcombe Hill, 
Blackheath, Kent. Dated January 30th, 1900, 


The air pump cylinder is arranged 
vertically, the upper surface of the 
piston forming the working face. The 
lower end of the cylinder is provided 
with ports, situated above the piston 
when in its lowest position, and con- 
nected to the condenser at some point 
well above the water. The part of the 
air-pump piston-rod next to the piston 
is hollow, and provided witha valve, the 
lift of which can be regulated. The 
hollow part of the piston-rod is provided 
with ports working in conjunction with 
ports in a stuffing-box connected to a 
supply of water under head or pressure, 
so that when the piston is at the bottom 
of its stroke, water is forced into the 
cylinder above the piston, and so seals 
it. The upper end of the cylinder is 
surmounted by a perforated plate, whose 
perforations are closed by balls kept in 
position by a cover plate or grid. A 
small water-chamber is arranged imme- 
diately over the cylinder, and provided 
with an overflow. 
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No. 4,015. “‘ Thrust bearings or footsteps 
for revolving shafts.” T. C, Fawcett, Ltd., 
and J, D, Fawcett, all of Whitehouse Engineer- 
ing Works, Hunslet Road, Leeds, Dated 
March 2nd, 1900, 


A hydraulic bearing to receive the 
end thrust of revolving shafts is formed 
by pumping into a reservoir—provided 
between the bearing and the end of 


the shafting, or a collar boss or flange 
thereon—oil or other lubricant, or water 
under suitable pressure, to establish and 
maintain a hydraulic lubricant buffer or 
Means are provided in com- 
bination with the reservoir or chamber 
to prevent escape of the lubricant or 


liquid. 


cushion. 
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No, 8 cf 1900, J. Klein, of Manchester, for 
** Condensers for Steam-engines.” 


A condensing system for steam-2ngines, 
having a jet condenser arranged at about 
the working barometrical level, or as 
near thereto as practicable, an air-pump 
connected with that part of the condenser 
near which the water enters, and a 
separate water pump, having its suction- 
pipe connected with that part of the 
condenser near which the steam enters. 
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No. 4,063. ‘Gripping devices of overhead 
travelling and other hoists and cranes.” 
T.B, Mackenzie, of 342, Duke Street, Glasgow. 
Dated March 3rd, 1900, 

Dogs or cross-levered grippers are 
jointed to a lower block, their upper 
arms crossing above the block, and 
connected to an upper block or blocks 
fitted with pulleys, round which pass 
ropes or chains from a winding-barrel. 
A third rope or chain is also wound on 
the barrel and passes down to and 
round a pulley on a third block, and 
thence up to a second winding-barrel. 
The third block is connected to the 
lowermost block. 


eps 
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No. 4,076. “Crushing and _ grinding 
machines.” R,F.Pochin and H.S, Pochin, 


both of St. Margaret’s Ironworks, Watling 
Street, Leicester, Dated March 3rd, 1900, 


The toggle plate of the crushing or 
grinding machine is held by a rod or 
link having a buffer, spring or balance 
weight fastened to a fixed point, by 
which the toggle plate is prevented 
from getting out of position. 


No. 4,100. “Dredgers.” T. Modus, of 
Charlottenburg, Germany. Dated March 3rd, 
1900, 

Two boats or pontoons, which may 
also serve as hoppers, are connected 
together, and are adapted to carry 
frames, in which the shaft of the lifting 
wheel has its bearings. ‘These bearings 
are so arranged that they may be raised 
and lowered by means of a hand-wheel. 

The lfting wheel is made of wood or 
metal, and is of large diameter, varying 
in size according to the special circum- 
stances under which it is required. It 
is Closed on its sides, which are provided 
with water-tight doors. The periphery 
of the wheel is provided with more or 
less tangentially inclined blades, forming 
chambers with the sides. The chambers 
bring the soil to the top, and allow it to 
flow away at the highest point of the 
wheel, so that the wheel may be com- 
pletely immersed under water, and its 
whole height utilised. | Port-holes are 
provided on the periphery of the wheel, 
rendered water-tight by transparent 
coverings of glass. 

No. 4,234. “ Core-boxes for founders’ use.” 


A. Scott, of 5, Canonbury Place, Canonbury, 
London, Dated March 6th, 1900. 


A frame is formed, in which any 
number of weights are free to slide up 
and down a short distance, their lower 
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ends being of the same shape as the 
upper ends of the projecting cores. The 
weights are so arranged that each 
comes over an orifice in the core-box 
cover; consequently, when it is lifted, 
each of the weights presses upon the 
top of the corresponding core, and by 
tending to press it downwards, prevents 
it from breaking away from the body 
core and rising with the cover. Springs 
may, in some cases, be substituted for 
the weights. 
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No. 5,664. ** Manufacture of metal columns,” 
R. Rau, of Schiltisheim-Strassburg, Germany. 
Dated March 26th, 1900. 


In the casting of the column, a 
wrought-iron tube is substituted for the 
usual core, and this tube remains in 
the column and imparts the necessary 
rigidity thereto, while a cast-iron jacket 
may be produced in any desired archi- 
tectural form, and a special ornamenta- 
tion thus rendered unnecessary. 

In one method of carrying out this 
invention the mould is set either verti- 
cally or slantingly, and the lower end 
of the core-tube is connected with a 
water supply, for the purpose of keeping 
down the temperature of the wrought- 
iron tube. 
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No. 6,245. “Steam generators.” A, J. 
Boult, a communication from O, Buogo, of 
Palermo, Italy. Dated April 3rd, 1900. 


The boiler tubes of the steam genera- 
tor contain hermetically closed and 
concentrically arranged inner tubes, for 
the purpose of reducing the volume of 
water contained in the said boiler tubes, 
the said inner tubes having a smaller 
diameter when nearer to the fire-grate 
and hot blast, and a larger diameter 
when at a greater distance from the 
fire-grate and hot blast. 
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